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A CLINICAL AND ELECTRICAL STUDY OF ULNAR 
NERVE LESIONS IN THE HAND 


BY 


PETER EBELING,* R. W. GILLIATT, and P. K. THOMAS 
From the Department of Applied Electrophysiology, the National Hospital, Queen Square, London 


Compression of the ulnar nerve at the wrist or in 
the palm gives rise to a distinctive clinical syndrome 
of weakness of the small muscles of the hand with 
or without associated sensory loss (Hunt, 1908; 
Harris, 1929; Russell and Whitty, 1947; Bakke 
and Wolff, 1948). Frequently there is a history of 
trauma which may be occupational and thus often 
repeated, although in other cases the onset appears 
to follow a single injury to the wrist or the hand. 

In the three-year period ending in November, 
1958, nine patients with ulnar nerve lesions in the 
hand were referred to the Department of Applied 
Electrophysiology, and we propose to discuss the 


; clinical and electrical findings in this series of 
| patients. 


A series of normal values for ulnar nerve 
conduction in the hand has also been obtained and 
will be described. 

The ulnar nerve enters the hand superficial to the 
flexor retinaculum on the lateral side of the pisiform 
bone; more distally it overlies the piso-hamate 
ligament and occupies a groove on the medial aspect 
of the hook of the hamate. It divides into a super- 
ficial cutaneous and a deep muscular branch, the 
latter passing deeply through the hypothenar 
muscles, which it supplies, to gain the palm where 
it innervates the interossei, the medial two lumbrical 
muscles, and the adductor pollicis. 

From clinical and anatomical considerations it is 
possible to divide ulnar nerve lesions in the hand into 
three groups according to the clinical signs and the 
presumed site of the lesion. The first and largest 
group is characterized by weakness of the hand 
muscles supplied by the ulnar nerve with the ex- 
ception of the hypothenar group; there is no sensory 
loss. This distribution of muscle weakness will arise 
from a lesion involving the deep palmar branch of 
the nerve after the branches to the hypothenar 
muscles have been given off. Russell and Whitty 
(1947) reported four such cases. A second group 
of cases has been described in which all the intrinsic 


-hand muscles supplied by the ulnar nerve were 
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affected, but again without sensory loss. This 
pattern indicates a more proximal lesion of the deep 
branch before the hypothenar muscles have been 
supplied. The original cases of Ramsay Hunt (1908) 
fall into this category. Finally, there are those cases 
in which all the intrinsic hand muscles supplied by 
the ulnar nerve are involved and there is coexistent 
sensory loss. This represents a lesion of the ulnar 
nerve trunk or of its two branches shortiy after the 
trunk has divided. 

In recent years, writers have tended to emphasize 
the importance of ganglionic compression of the 
ulnar nerve in the hand. Such cases afford an 
opportunity for an anatomical correlation with the 
clinical findings and, in general, they lend support 
to the above subdivisions. Seddon (1952) reported 
four cases of ganglia arising from the palmar surface 
of the carpus with compression of the deep palmar 
branch of the nerve. In all cases the hypothenar 
muscles were spared and sensation was intact. 
Compression of the main ulnar trunk at the level of 
the pisiform bone by a ganglion has also been 
described (Brooks, 1952) with involvement of all the 
ulnar-innervated hand muscles and accompanied by 
sensory loss; in the two cases reported by Mallett 
and Zilkha (1955) sensory loss was not present. 


Case Histories 


Case 1.—Mr. O. J. (E.M.G. No. 26970), a 66-year-old 
salesman, first noticed difficulty while playing bowls in 
September, 1956, when he found that the bowl tended to 
slip from his finger tips. Thereafter he preferred to hold 
his pen between the index and middle fingers as the index 
finger seemed particularly weak, and he commented that 
“the little finger used to stay out”. No pain or 
paraesthesiae were recalled. 

Examination of the right hand in January, 1957, 
revealed severe weakness and wasting of the interossei 
with sparing of the abductor digiti minimi. Sensation 
was intact. 

Radiographs of the wrist showed an old united 
fracture of the lower end of the radius in good position 
which was thought to be irrelevant. 

Within 11 weeks of his first visit there had been con- 
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siderable clinical improvement and when the patient was 
seen at a follow-up examination in September, 1958, 
recovery of muscle bulk and power appeared to be 
complete. On further questioning he then recalled 
having used a turf cutter without the cross-piece to the 
handle when gardening before the onset of symptoms in 
1956. 


Case 2.—Miss M. B. (E.M.G. No. 31613), a 51-year- 
old typist, noticed severe pain in the palm of the left hand 
lasting three or four days during July, 1958, which was 
followed by weakness of the hand and later by wasting. 
By the time she was first seen two months later, some 
improvement had occurred but she was only just able to 
adduct the little finger to the side of the ring finger. 
Paraesthesiae were not recalled. Although no definite 
history of trauma was obtained, the patient stated that 
her typewriter carriage was heavier than most and that 
it was stiff enough to require considerable effort to push 
it across. She did this with the palm of her left hand. 

Examination in September, 1958, revealed moderate 
wasting of the first dorsal interosseous and flexor pollicis 
brevis muscles with weakness of all the interossei and 
adductor pollicis; abduction of the little finger was 
normal as was the flexor digiti minimi. Sensation was 
normal on the ulnar fingers. 

Gradual improvement ensued and, when last seen, in 
December, 1958, the patient had no symptoms. Ex- 
amination then revealed only slight wasting and weakness 
of the interossei. 


Case 3.—Miss G. J. (E.M.G. No. 32216), a 62-year- 
old secretary, suddenly noticed in February, 1958, that 
she was unable to type or sew properly with her right 
hand. She was not aware of any further worsening after 
the onset of the weakness. On being questioned about 
antecedent trauma, she admitted that she had sawed 
wood for three-quarters of an hour every Saturday and 
Sunday during a cold spell before the onset of her 
symptoms. 

Examination in June, 1958, revealed gross weakness 
and wasting of the interossei; the adductor pollicis was 
also noted to be severely affected but the abductor digiti 
minimi was normal and there was no sensory loss. 

Steady improvement was observed at subsequent 
attendances with recovery of power and muscle bulk. 
When seen in November, 1958, there was only slight 
wasting in the first interosseous space and weakness 
was much less marked. By February, 1959, muscle bulk 
was normal and power full, save for slight relative 
weakness of the first dorsal interosseous muscle on the 
right compared with the left. 


Case 4.—Mr. N. D. (E.M.G. No. 27974), a 37-year- 
old solicitor, first noticed in 1955 that when using his 
left hand he developed a sensation of pins and needles 
in front of the wrist associated with a feeling of tiredness 
in that hand. Over the next few months weakness 
gradually developed which mainly affected the grip 
between the thumb and index finger. Sensory symptoms 
soon subsided, but when the patient was first seen in 
May, 1957, motor weakness had been present for 18 
months without appreciable change over the previous 
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six months. At no time had there been any local swelling, 
and we were unable to elicit any history of trauma to the 
hand or wrist. 

Examination in May, 1957, revealed a relatively mild 
disability with maximum weakness and wasting of the 
first dorsal interosseous muscle and lesser involvement 
of the other interossei and adductor pollicis. The 
abductor digiti minimi and the other hypothenar muscles 
were normal, as were the thenar muscles. There was 
no sensory loss. 

Gradual recovery took place and re-examination 
17 months later showed complete recovery of function 
with barely detectable thinning of the first dorsal 
interosseous muscle. 


Case 5.—Mr. J. A. (E.M.G. No. 26379), a 58-year-old 
machine tool fitter, presented in October, 1956, with a 
history of having suddenly discovered weakness of his 
left hand two weeks previously. He stated that wasting 
was evident within four days of the time at which he 
became aware of weakness. The patient’s work involved 
the use of a special scraping tool and from his description 
it was Clear that he suffered repeated local pressure on the 
palm of the left hand. He denied pain or numbness. 

Examination at that time showed weakness and 
wasting of the ulnar-supplied intrinsic muscles with the 
exception of the hypothenar group. Sensation was not 
disturbed. 

In December, 1956, the left hand was explored sur- 
gically by Mr. D. M. Brooks at the Royal National 


Orthopaedic Hospital, and the deep branch of the ulnar | 


nerve exposed, but no abnormality was detected. Post- 
operative examinations at the Royal National Ortho- 
paedic Hospital showed rapid improvement, clinical 
recovery being almost complete within two months of 
operation. 


Case 6.—Mrs. A. J. (E.M.G. No. 25178), a 32-year-old 
housewife and part-time typist, first noticed her fingers 
becoming weak in December, 1955. In particular, fine 
movements and typing were difficult. There was no pain 
or sensory disturbance. The patient stated that one 
month previously she had slipped and fallen onto her 
left hand. 

Examination two months after the onset revealed 


weakness of the ulnar-innervated intrinsic muscles of 


the hand with the exception of the hypothenar group. 
Sensation was intact. These findings were unaltered 
when the patient was referred for electromyography in 
March, 1956. 

Because of failure to improve over the next seven 
months, the hand was explored surgically by Mr. D. M. 
Brooks at the Royal National Orthopaedic Hospital in 
October, 1956. A synovioma compressing the deep 
palmar branch was found and was successfully removed. 
Although considerable post-operative improvement 
occurred, mild weakness and wasting were still present 
at the time of the most recent examination in October, 
1958. 


Case 7.—Mr. R. T. (E.M.G. No. 27462), a 42-year-old 
sheet metal worker, was first seen in February, 1957. 
About two years previously his foreman had pointed out 
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to his a depression in the first interosseous space of the 
right hand. The patient, who used a hammer and a pair 
of shears regularly in the right hand, had not noticed 
wasting himself and was not aware of any weakness at 
that time. About 18 months later, however, he was 
transferred to a slightly heavier but similar job, and 
within a day he noticed weakness of the right hand with 
a dull ache about the base of the thumb and wrist joint. 
There was also some aching in the biceps and along the 
lateral aspect of the right forearm. 

Examination in February, 1957, revealed moderately 
severe weakness and wasting of the first and second 
dorsal interosseous muscles as well as weakness of the 
adductor pollicis. The remaining interossei and the 
hypothenar muscles appeared to be spared and no 
sensory loss could be detected. 

As the patient’s disability interfered with his work, 
surgical exploration was advised and was performed by 
Mr. H. J. Seddon at the Royal National Orthopaedic 
Hospital in May, 1957. At operation an unusually 
thickened piso-hamate ligament was noted and the hook 
of the hamate seemed to overhang the deep branch of the 
ulnar nerve. The hook of the hamate was removed in 
order to expose the nerve which was seen to be slightly 
swollen as it ran under it. When seen again in September, 
1958, the patient was pleased with his progress and 
although some wasting and weakness were still present 
he was able to manage his job. 


In each of the seven cases described above the 
hypothenar muscles were spared and sensation was 
unaffected. We therefore presume that in this 
group the deep palmar branch of the ulnar nerve was 
affected after the origin of the branches to the hypo- 
thenar muscles. From six patients some history of 
trauma was obtained; in five of them trauma was 
often repeated and was not a single accident or 
injury. The onset was sometimes stated to be sudden 
but in two cases weakness developed over a period 
of several weeks or months. Four patients were 
treated conservatively and all of them made a 
satisfactory clinical recovery. In three patients the 
hand was explored surgically owing to failure to 
improve while they were under observation, and in 
two of them, a local lesion was found. 


Case 8.—Mr. H. M. (E.M.G. No. 30893), a 40-year-old 
salesman, was first seen in June, 1958, with an eight- 
week history of numbness in the tip of the little finger. 
Three weeks after the onset of symptoms he developed 
pain in the base of the hypothenar eminence where he 
noticed a firm swelling.. Pressure on the swelling evoked 
paraesthesiae in the little finger. The numbness gradu- 
ally spread to involve the tip of the ring finger and the 
inner side of the hypothenar eminence. Weakness of the 
index finger then followed, associated with wasting in 
the first dorsal interosseous space and “flabbiness” of 
the hypothenar muscles. No occupational hazard could be 
elicited, but for several years the patient had tended to 
sit on the floor in a tripod posture taking his weight 
b-hind him on the palmar aspects of his wrists. 


Examination in June, 1958, revealed weakness and 
wasting of the ulnar-innervated intrinsic muscles, in- 
cluding the hypothenar group, although the latter were 
not as severely affected as the interossei. 

Discrimination of compass points was impaired over 
the ulnar one and a half fingers and, although the 
swelling previously noticed by the patient was no longer 
palpable, pressure on the radial side of the pisiform bone 
still evoked paraesthesiae. 

Three months later there was still severe weakness of 
the first dorsal interosseous muscle although wasting was 
less marked. The other interossei and the adductor 
pollicis were definitely stronger than before and power in 
the hypothenar muscles was almost normal. Two-point 
discrimination was normal but the patient still noticed 
numbness of the inner side of the ring finger when it was 
stroked. Palpation of the wrist was without effect. 
After a further 15 weeks, full muscle bulk had been 
recovered and there was only slight weakness of the first 
dorsal interosseous muscle; no subjective or objective 
sensory disturbance remained. 


Case 9.—Mrs. N. D. (E.M.G. No. 23975), a 52-year- 
old housekeeper, had noticed occasional local discomfort 
in the base of the hypothenar pad for several years, 
particularly when pushing the handle of her vacuum 
cleaner, but it was not until April, 1955, that a constant 
ache developed in the right wrist with weakness of the 
hand. This weakness made it increasingly difficult for her 
to manipulate objects with the fingers and she ex- 
perienced difficulty in picking flowers, using a flint 
gaslighter, and in applying the brake of her bicycle. 
Some aching pain was also felt in the upper arm, forearm, 
and thumb. 

Examination in November, 1955, revealed clawing of 
the ring and little fingers, wasting and severe weakness 
ot the interossei, weakness of the adductor pollicis, and 
lesser weakness of the hypothenar muscles. The only 
constant objective sensory finding was reduction of 
cutaneous sensation over the palmar aspect of the little 
finger. A small cystic swelling was palpable in front of 
the wrist. 

The right hand was explored by Mr. Kenneth Paine 
at the National Hospital, Queen Square, in November, 
1955, and a ganglion was found lying on the radial side 
of the main ulnar nerve trunk compressing it against the 
pisiform bone. The ganglion was excised and clinical 
improvement was already apparent by the time of the 
patient’s discharge from hospital. Re-examination in 
September, 1958, revealed no wasting and only slight 
weakness of the first dorsal interosseous muscle. The 
adductor pollicis was normal and there was barely 
detectable weakness of the abductor digiti minimi. No 
sensory loss was present and the swelling at the wrist 
had not recurred. 


In the two cases described above, there was mild 
but definite involvement of the hypothenar muscles 
with slight sensory disturbance. These features 
suggested a lesion of the main ulnar nerve trunk at 
the level of the pisiform bone and in both patients 
a swelling was present in this region. One swelling 
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was shown at operation to be a ganglion, but the 
other subsided before the patient was first seen; it 
was presumed to be a ganglion which had retro- 
gressed spontaneously. In both patients satisfactory 
clinical recovery followed. 


Methods Used in Electrical Investigations 

The electrical investigations followed the methods 
described in previous communications from this Depart- 
ment by Simpson (1956), Gilliatt and Sears (1958), and 
Thomas, Sears, and Gilliatt (1959). After placing 
coaxial needle electrodes in one or more of the small 
hand muscles, the ulnar nerve trunk in the arm was 
stimulated through surface electrodes and the latency 
of the earliest phase of the muscle response recorded 
(Fig. 1). The stimulus was a brief condenser discharge 
(time constant 150 psec.) delivered through an isolating 
transformer. The stimulating cathode SI was placed 
over the ulnar nerve approximately 2 cm. above the 
distal wrist crease and S2 3 to 6 cm. above the 
tip of the medial epicondyle. A _ third stimulus, 
S3, was applied in the axilla. The surface distance 
between the stimulating cathode SI and the recording 
needle electrode R1 in the abductor digiti minimi varied 
from 5-5 to 8-5 cm. in different subjects. It was not 
possible to estimate accurately the length of the deep 
branch of the ulnar nerve to the interossei by surface 
measurement. The distance between SI and S2 varied 
from 23 to 30 cm. in different patients and the distance 
between S2 and S3 from 12 to 22 cm. The anode was 
a plate electrode, 2:5 x 5cm., placed over the flexor surface 
of the forearm or over the deltoid insertion; these 
positions were chosen for convenience and did not affect 
nerve conduction times. 

For recording, a double-beam oscilloscope was used 
so that when conduction was to be compared in ulnar 
nerve fibres supplying two different muscles, it was 
possible to display simultaneously the action potentials 
of both muscles after a single stimulus to the nerve trunk. 
Care was taken when positioning the needle within a 
muscle to ensure that the initial deflection of the muscle 
action potential was as sharp as possible, thereby aiding 
the measurement of the time interval. In each case the 
stimulus used was such that a further increase failed to 
shorten the latency or to increase the amplitude of the 
evoked muscle action potential. When a _ constant 
appearance of the action potential was obtained in 
response to nerve stimulation at different levels in the 





Fic. 1.—Arrangement of stimulating and recording electrodes for 
measurement of motor nerve conduction time. For explanation, 
see text. 
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Fic. 2.—Distribution of the latency of the muscle response (in 
milliseconds) for the abductor digiti minimi and the first dorsal 
interosseous muscle on stimulation of the ulnar nerve at the 
wrist in 50 normal subjects. 


arm, latencies were measured to the initial deflection of 
the action potential in each case. By subtraction the 
conduction time was obtained for the different segments 
of nerve examined, i.e., axilla-elbow, elbow-wrist, and 
wrist-muscle. Although several motor units in the 
vicinity of the recording needle were usually activated by 
each shock, the conduction times must necessarily refer to 
the fastest nerve fibres stimulated. 

In a few cases, afferent volleys in the digital nerve 
fibres from the fifth finger were examined, using ring 
stimulating electrodes around the finger and surface 
recording electrodes over the ulnar nerve trunk at the 
wrist as described by Gilliatt and Sears (1958). 


Results of Electrical Investigations 


Motor Nerve Conduction in the Hand.—During 
the course of the investigation 50 control observa- 
tions were made on healthy nerves to determine the 
normal latency of the muscle action potentials in the 
hand after a single supramaximal shock to the ulnar 
nerve trunk at the wrist. The abductor digiti 
minimi and the first dorsal interosseous muscle were 
examined and the results obtained are shown in 
Fig. 2. For the abductor digiti minimi the values 
ranged from 2:0 to 3-7 msec. with a mean of 
2:9 + 0:39 msec.; for the first dorsal interosseous 
the corresponding range was 3-0 to 5-0 msec. with 
a mean of 3-8 + 0-53 msec. 

Latencies for the abductor digiti minimi and the 
interossei in the nine patients with ulnar nerve 
lesions in the hand are shown in Fig. 3 and Table I. 
In Fig. 3 values for the first dorsal interosseous 
muscle are shown except for Case 3; in this patient 
no electrical response to nerve stimulation was 
obtained from the first dorsal interosseous and 
latency was measured to the third dorsal interosseous 
muscle. In Case 8 the first examination was in- 
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TABLE I 
MOTOR NERVE CONDUCTION TIMES AT INITIAL (a) AND SUBSEQUENT EXAMINATIONS (b, c, and d) 





Conduction Times (msec.) | 


| Time Interval 
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* Inexcitable. 


complete and the results of the second examination 
are shown in Fig. 3. 

It is clear from Fig. 3 that the latency of the 
evoked action potentials in the interosseous muscles 
was markedly increased in nearly every case, values 
of up to 29 msec. being obtained for the conduction 
time in the short segment of nerve between the wrist 
and the affected muscle. These results confirm the 
findings in the single case described by Simpson 
(1956). 

In the seven patients with sparing of the hypo- 
thenar muscles (Cases 1-7) the latencies for the 
abductor digiti minimi were normal. A _ repre- 
sentative record from this group is shown in Fig. 4. 
In this instance the ulnar nerve was stimulated at 
the wrist and the muscle action potentials were 
recorded from the abductor digiti minimi and the 
fourth and first dorsal interossei. The brief latency 
between the stimulus artefact and the beginning of 
the action potential in the abductor digiti minimi 
(2:1 msec.) may be contrasted with the long delay to 
the fourth and first dorsal interossei (16:0 and 
27:5 msec. respectively). Such a result establishes 
the presence of nerve damage proximal to the branch 
to the fourth dorsal interosseous but after the origin 
of the branches to the abductor digiti minimi. Fig. 4 
also shows the prolonged polyphasic potentials 
evoked in the affected muscle which may be com- 
pared with the normal contour of the muscle action 
potential in the abductor digiti minimi. A pro- 
longed polyphasic response of the type shown was 
commonly seen in the affected muscles of our 
patients and in one case the potentials lasted for 
+5 msec. 


~ 


In only one patient (Case 7) was the latency of 
the muscle response in the first dorsal interosseous 
muscle within the normal range. In this patient the 
initial part of the action potential was of normal 
form but it was followed by a prolonged polyphasic 
discharge, similar in appearance to those recorded 
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Fic. 3.—Conduction times (in milliseconds) for motor nerve fibres 
to the abductor digiti minimi and the first dorsal interosseous 
muscle in patients with ulnar nerve lesions in the hand. (In 
Case 3, the first dorsal interosseous was inexcitable and con- 
duction times to the third dorsal interosseous are shown.) 
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Fic. 4.—Recordings from the abductor digiti minimi (A), the 
fourth dorsal interosseous (B), and the first dorsal interos- 
seous (C) on stimulation of the ulnar nerve at the wrist in 
Case 2. Stimulus at S shown by artefact in each trace. The 
latency of the muscle response is normal for the abductor 
digiti minimi, but considerably lengthened for the interos- 
sei, which also show prolonged polyphasic muscle action 
potentials. 


from the interossei in Fig. 4. This abnormal 
response was restricted to the interossei and was not 
present in the abductor digiti minimi or in the 
abductor pollicis brevis when the median nerve was 
stimulated; the electrical findings were therefore 
assumed to support the clinical diagnosis of com- 
pression of the deep branch of the ulnar nerve in its 
distal part. 

In one of the two patients in whom the hypothenar 
muscles were involved (Case 9), the latency of the 
muscle response in the abductor digiti minimi was 
slightly increased, whereas in the other patient 
(Case 8) the latency was at the upper limit of normal. 


PETER EBELING, R. W. GILLIATT, AND P. K. THOMAS 


It is interesting to note that marked increases in 
latency were not seen in the hypothenar muscles 
in this group; this may be related to the fact that in 
both patients the hypothenar muscles were much 
less severely affected than the interossei. 


Sensory Nerve Conduction in the Hand.—The 
afferent volley in sensory fibres from the fifth finger 
was examined in four of the patients in whom there 
was sparing of the hypothenar muscles and in one 
patient in whom the hypothenar muscles were 
involved. In the first group (Cases 2, 3, 4, and 6), 
the amplitude of the sensory nerve action potentials 
(Table II) was within the range of normal described 
by Gilliatt and Sears (1958). 


TABLE Il 


SENSORY ACTION POTENTIALS FROM ULNAR NERVE 
AT WRIST ON STIMULATION OF FIFTH FINGER 





Conduction Latency . 
Case Distance to Peak —_ 
(cm.) (msec.) - 
2 10: 2-4 12 
3 10-5 2-4 9 
4 13- 2:8 14 
6 12-0 3-8 15 
8at 12-5 No response 0 
b 12-5 3-2 3 
c 11-0 2:8 8 
Normal* 
range 2:2-3:4 8-28 





+ Intervals a-b and b-c as in Table I 
* From Gilliatt and Sears (1958) 


In Case 8, the hypothenar muscles were mildly 
involved and at the initial examination no sensory 
nerve action potential could be recorded from the 
ulnar nerve at the wrist when the Sfth finger was 
stimulated. At that time discrimination of compass 
points was impaired in the ulnar-supplied fingers 
and the patient complained of paraesthesiae. 
Thirteen weeks later some clinical recovery had 
occurred and a small sensory action potential 
(amplitude 3 «4 V) could be detected at the wrist with 
a latency to peak of 3-2 msec. At this stage the 
patient still complained of mild numbness when the 
inner side of the tip of the fourth finger was stroked 
but compass points were appreciated without 
difficulty. After a further 15 weeks, when no sub- 
jective or objective sensory disturbance was present, 
a potential of 8 1 V with a latency of 2-8 msec. was 
recorded. 


Motor Nerve Conduction above the Wrist.—Con- 
duction times between the elbow and the wrist, and 
between the axilla and the elbow, for motor nerve 
fibres supplying both affected and unaffected muscles 
are shown in Fig. 3 and Table I. It can be seen that 
in seven of the patients motor nerve fibres to the 
interossei showed slightly slower conduction above 
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the wrist than fibres to the abductor digiti minimi. 
No difference in the rate of conduction exists 
between the motor fibres to the abductor digiti 
minimi and the first dorsal interosseous muscle in 
normal subjects (Thomas ef al., 1959) and although 
the differences in conduction time shown in Fig. 3 
are small they seem to show a uniform trend. Errors 
such as uncontrolled variation in temperature and 
possible current spread to portions of nerve not 
immediately beneath the stimulating cathode cannot 
be relevant here as both affected and unaffected 
fibres could be stimulated simultaneously by the 
same shock. In Fig. 5, for example, a recording 
needle electrode was placed in the third dorsal 
interosseous muscle and action potentials from this 
muscle and from the hypothenar muscles appeared 
on the same trace, enabling a direct comparison of 
latency to be made. The ulnar nerve trunk was 
stimulated at the wrist, elbow, and axillary levels, 
latencies for the onset of the response in the 
hypothenar muscles being 3-2, 7-2, and 10-2 msec., 
and 29-0, 34-0, and 38-0 msec, for the affected inter- 
osseous muscle. The difference in conduction time 
in the proximal parts of the two motor nerves is 
thus in the order of 20%. 





TABLE III 
CONDUCTION VELOCITY IN FOREARM 
Abductor First Dorsal 
Case Digiti Minimi Interosseous 
(metres per sec.) (metres per sec.) 
1 51 45 
2 53 39 
3° 62 47 
4 50 42 
5 
6 50 36 
7 50 53 
8 58 46 
9 59 35 
Mean 54-1 42-9 
Normal subjects** 
Mean 56:2 55-0 
Range 49-0 — 65-6 46-2 66-2 





* Third dorsal interosseous examined. 
** From Thomas et al (1959). 


The distance between the electrodes SI! and S2 in 
Fig. | was recorded in each case, and maximal 
conduction velocities for the fibres concerned have 
been calculated: they are shown in Table III 
together with the normal range reported by Thomas 
et al. (1959). From this table it is clear that 
the values for the abductor digiti minimi are all 
within the normal range and are grouped around 
the mean whereas several of the values for the 
interossei are below the normal range. The differ- 
ence between the mean values for the interossei for 
the normal subjects and for the patients is statistically 
significant when compared by the t test (P = 0-05). 


STIM. 
WRIST. 


STIM. 
ELBOW 


STIM. 
AXILLA 


t | av 
,20 msecs. 


Fic. 5.—Recordings from Case 3. The recording needle 
was inserted into the third dorsal interosseous 
muscle, but the earlier response of the hypothenar 
muscles also appears in each trace. The ulnar nerve 
was stimulated at the wrist, elbow, and axilla. 
Stimulus at S shown by artefact in each trace. 


Follow-up Studies.—All patients were followed up 
and re-examined by us except for Case 5; this 
patient was seen post-operatively at the Royal 
National Orthopaedic Hospital. Serial measure- 
ments of motor conduction time below the wrist 
are shown graphically in Fig. 6 for the five patients 
who made a spontaneous recovery. Cases 1 and 4 
were re-examined electrically after intervals of 
18 and 17 months respectively, by which time 
clinical recovery was virtually complete and latencies 
below the wrist were only slightly in excess of normal 
(5:3 and 5-1 msec. respectively). Cases 2 and 3 were 
re-examined after six weeks and motor nerve con- 
duction was found to be markedly improved 
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Fic. 6.—Graph illustrating spontaneous recovery of moior 
nerve conduction in five patients. Conduction times from 
the wrist to the affected muscles are plotted against time in 
months from the onset of symptoms. Lettering refers to 
case number and muscle examined. 
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although clinical recovery at that stage was slight. 
This illustrates the value of serial measurements of 
conduction time in detecting early recovery. In 
Case 8, the initial abnormality was less marked but 
clinical improvement was again accompanied by a 
fall in latency. Values for the whole group, includ- 
ing the operated cases, are contained in Table I, 
which also shows that, above the wrist, differences 
in conduction time between affected and unaffected 
fibres decreased or disappeared during the recovery 
period. 


Discussion 


A history of trauma was obtained in seven of the 
nine patients, although it was difficult to be certain 
that this was relevant in every case, e.g., Case 6. In 
some, however, the story of repeated trauma, either 
occupational or domestic, seems sufficiently definite 
to justify describing them as cases of occupational 
or traumatic neuritis. Most of our cases showed 
selective damage to the deep branch of the ulnar 
nerve after the origin of the branches to the hypo- 
thenar muscles; even when the main ulnar trunk 
was affected, weakness of the hypothenar group was 
mild compared with the other ulnar-supplied 
muscles. This difference was also reflected in the 
electrical findings which showed maximal damage 
to the nerve supply to the interossei. In the two 
patients in whom the hypothenar muscles were in- 
volved, sensation in the fifth finger was mildly 


disturbed and we have not met with an example of 
the syndrome described by Ramsay Hunt (1908) 
and by Mallett and Zilkha (1955), in which all the 
ulnar-supplied muscles in the hand were weak but 
with normal sensation. 

Our follow-up examinations were less complete 
than we would have liked but several interesting 
facts emerged. Spontaneous improvement without 
operation occurred in five patients and in three of 
them final recovery was virtually complete. In the 
other two steady improvement was occurring at the 
time the patients were last seen. In’ one patient 
improvement was apparent within two months of 
the onset, but in three others five to seven months 
elapsed before this was noted. In the fifth patient 
weakness of the hand had been present for at least 
18 months before he was first seen but he also made 
a satisfactory recovery. In one of the four operated 
cases no abnormality was found, yet the patient 
made a full recovery. In each of the other three 
cases some local abnormality was found at opera- 
tion. In one a ganglion was present to the radial 
side of the pisiform bone, in another a synovioma 
was present in the palm, while in the third there was 
thickening of the pisohamate ligament. It might 
be thought that the presence of a palpable swelling 
in front of the wrist should be a clear indication for 
operation, but in one of our patients, such a swelling 
subsided spontaneously with subsequent recovery 
of power in the hand. A _ ganglion shrinking 
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spontaneously has been described previously in one 
patient by Seddon (1952). 

Our electrical studies have confirmed Simpson’s 
(1956) finding that a patient with damage to the 
ulnar nerve in the hand may show profound slowing 
of nerve conduction over the affected segment. In 
some of our cases the time taken for a volley to pass 
from the wrist to the interossei was increased to 
five or six times the normal figure and some increase 
in latency was seen in all but one case. 

In addition to an increased latency most of our 
patients showed an abnormal muscle response to 
nerve stimulation, the muscle action potentials being 
of low voltage, polyphasic in form, and greatly 
prolonged in duration. This prolonged response 
may be due to temporal dispersion of impulses in 
different nerve fibres but repetitive firing of single 
motor units could also contribute to it. 

Not the least interesting of the findings in this 
study has been the observation that nerve conduc- 
tion may be slowed proximal to a local lesion. 
Two possible explanations suggest themselves. 
First, it may be that the lesion selectively damages 
the larger and more rapidly conducting fibres; 
since recording is made distal to the lesion, con- 
duction will therefore only be measured in the 
surviving slower fibres which pass through the 
lesion. Alternatively, it is possible that changes 
occur proximal to the site of damage in the nerve 
fibres involved in the lesion (Cragg and Thomas, to 
be published). This question is being further 
investigated.* 


Summary 


In a three-year period nine patients with ulnar 
nerve lesions in the hand were seen. A history of 
trauma was obtained in seven of them. 

There were seven patients with sparing of the 
hypothenar muscles and of sensation but with 





*Since submitting this paper for publication a report has appeared 
(Krnjerié and Kiraly, 1959) in which slowing of sleeve conduction 
proximal to peripheral nerve section in the experimental material 
was described. 


wasting and weakness of the other ulnar-supplied 
muscles in the hand; in this group, four patients 
made good recoveries without operation and a 
fifth patient, in whom exploration was negative, 
also recovered. In two patients of this group a 
local compressive lesion was found at operation. 

In two of our nine patients the hypothenar group 
was mildly involved in addition to there being severe 
weakness of the other ulnar-innervated intrinsic 
muscles. Some sensory disturbance was present in 
both. One of these patients recovered spon- 
taneously whereas a ganglion compressing the main 
ulnar trunk was excised in the other. 

Ulnar nerve function was examined electrically 
in all cases and motor conduction was profoundly 
slowed in the majority. Gross abnormalities of 
conduction were confined to the segment of nerve 
below the wrist but mild changes were also seen in 
the proximal parts of the affected nerves. 

Measurement of motor nerve conduction time 
provided a quantitative estimate of the severity of 


nerve damage; serial measurements proved 
particularly helpful in the detection of early 
recovery. 


We wish to thank members of the staff of the National 
Hospitals for Nervous Diseases who have referred 
patients for investigation. We are also much indebted 
to Mr. H. J. Seddon and Mr. D. M. Brooks, of the Royal 
National Orthopaedic Hospital, for allowing us to 
include their operative findings in Cases 5, 6, and 7. 
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EFFECTS OF POSTERIOR ROOT SECTION ON THE ACTIVITY 
OF SOME MUSCLES IN MAN 


BY 


P. W. NATHAN and T. A. SEARS 


From the Neurological Research Unit of the Medical Research Council and the Institute 
of Neurology, National Hospital for Nervous Diseases, Queen Square, London 


Occasionally the opportunity occurs of examining 
the activity of muscles in man before and after 
cutting the posterior roots. Before recording our 
findings in three patients, we review and discuss the 
observations of previous workers who have studied 
the effects of cutting the posterior roots on move- 
ments in the monkey, cat, dog, and man. 


Previous Observations 


Effects of Cutting Posterior Roots on Limb 
Movements.—In 1811, Charles Bell presented evi- 
dence “‘that the nerves of sense and the nerves of 
motion are distinct through their whole course, 
though they seem sometimes united in one bundle”’; 
he established that the anterior roots are motor, 
and he “offered reasons for believing’ that the 
posterior roots are sensory. After Sir Charles Bell's 
idea was accepted, one of the next questions to ask 
was what effect cutting the posterior roots might 
have on motor activities. 


Monkeys.—Mott and Sherrington (1895) studied 
this problem by dividing the posterior roots from the 
forelimb or hindlimb in the monkey. They kept 
these animals under observation “up to and over 
three months”, and they confirmed histologically 
that the roots had been cut. They wrote: 

“From the time of performance of the section 
onwards, the movements of the hand and foot are 
practically abolished; the movement of grasping, 
which is so useful to the monkey, both with the hand 
and foot, never occurs at all in our experience. On 
the other hand, the movements at the eibow and knee, 
and especially the movements at the shoulder and hip, 
are much less impaired.” 


As the animals ran about they did not use the 
deafferented hindlimb. The deafferented limbs were 
used, however, when the animals were made to 
struggle or were frightened. Mott and Sherrington 
were 
“led to conclude that associated movements in the 
limb (““Mitbewegungen’’) are comparatively little im- 


paired by loss of the sensation from the limb in which 
they occur; but that the independent and more 


delicately adjusted movements which employ pre- . 
ponderantly the smaller and more individual muscular © 
masses of the hand and foot, and serve to move the 7 
digits, especially the hallux and thumb, are extremely 7 
severely impaired, and, insome instances, areabolished.” | 
Mott and Sherrington then investigated the effects | 
of such unilateral deafferentation on movements 7 
produced by electrically stimulating the cortex and 
by giving absinthe intravenously. With electrical 


stimulation they found no difference in the move- 7 
ments of the limbs of the two sides; and with the | 
bilateral convulsions induced by the absinthe they 9 
found that “convulsions sometimes started in the | 
normal and desensitised limb simultaneously, some- | 
Sherring- 


times a little earlier in one or the other”’. 
ton wrote of this in 1931: 

“When the motor cortex is examined by electrical 9 
stimulation, not only does it evoke in the deafferented 
arm and hand the customary movements just as readily 
as usual, but these movements reveal no obvious | 
departure from their usual coordination.” 
However, it seems that these deafferented limbs (7 

were not always as little used in “voluntary” activity 7 
as would appear from this evidence. In 1897, © 
Hering published some further observations that 7 
Mott and Sherrington had sent him; they had | 
observed one young monkey using its deafferented [ 
upper limb an hour and a half after division of the | 
posterior roots. In using the limb, “the hand 7 
showed choreiform movements in trying to seize a | 
piece of food.” Hering has also left us more detailed | 
accounts on the effects of this operation on Sherring- | 
ton’s monkeys, for he went to Liverpool to study 7 
the effects of deafferentation on the movements of a 7 
limb. He reported that a monkey, in which § 
Sherrington had divided the posterior roots from an [| 
upper limb, when it climbed would move the limb | 
“upwards and backwards, so that the extremity | 
moved in an aimless manner in the air up above and | 
behind the head”’; 
occurred when the animal tried to scratch its back 
with its deafferented hand. The impression ob- 
tained from Hering’s account of Sherrington’s | 








this kind of movement also | 
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monkeys is different from that given by Mott and 
Sherrington’s; Hering’s account is certainly not that 
of a monkey which does not attempt to use the limb. 

The most detailed account of the effects of de- 
afferentation in the monkey is that of Munk. He 
first reported his observations to the Berlin Academy 
of Sciences in 1903, later publishing them in his 
book ‘‘Functions of the Brain and Spinal Cord” in 
1909. Munk saw, as Mott and Sherrington had 
done, that immediately after the operation the 
monkey did not use its hand. But after having its 
normally innervated upper limb bound behind its 


_ back, the animal learned to use the deafferented 


hand to convey food to its mouth, and to open and 
close the hand, moving the fingers and thumbs 
separately. If the monkey saw Munk trying to 
seize hold of its deafferented limb or threaten it with 
a stick, it moved the limb behind its back. His 
animals learned to grip, to shut their fingers round a 
piece of carrot, to take a carrot from between the 
bars of the cage and bring it to their mouths. “In 
short, all movements that can be performed by an 
upper limb eventually appeared.” In his later experi- 
ments Munk found that it was unnecessary to keep 
binding the normally innervated limb, for if the 
monkey was prevented from using it on only a few 
occasions soon after the operation, it would learn to 
use the deafferented limb. He further reported that 
some animals were able to use the whole limb as 
soon as the effects of the general anaesthetic had 
worn off. 

Munk therefore came to the conclusion—unlike 
Mott and Sherrington—that use of a limb can be 
achieved without afferent impulses from the limb. 
He further concluded that those movements of a 
limb made in conjunction with the other limbs— 
which he called ‘“Gemeinschaftbewegungen”—are 
severely impaired. Munk agreed with Mott and 
Sherrington in his observations that during normal 
running around and climbing the monkey did not 
use the deafferented limb; and he also agreed 
with them in his observations that the animals, 
under the influence of fear, or when running or 
climbing rapidly and excitedly, would sometimes 
make the appropriate movements of the deafferented 
limb in association with the other limbs, though 
such movements were inadequate. Munk was par- 
ticularly struck how improvement never occurred 
in the “Gemeinschaftbewegungen’’, in contrast to 
the improvement that occurred when the limb was 
used alone, as in taking a piece of food. On such 
occasions, the animal used its deafferented hand and 
digits. This was never seen by Mott and Sherring- 
ton. Munk therefore concluded that there is no 
“lack of will” to use the limb and that the engram 
( Vorstellung) of movements is not lost. That is not 


to say that movements are carried out normally; 
they are ataxic, dysmetric, and are performed 
clumsily; indeed he states, “All movements of the 
extremity are damaged’’; but they are not, as Mott 
and Sherrington had stated, “practically abolished’. 
He concluded that ““Gemeinschaftbewegungen”’ are 
permanently disturbed by deafferentation, and that 
associated movements also suffer considerably; and 
he contrasted this with the relatively good func- 
tioning of the limb when it was used on its own in 
purposive movements. Mott and Sherrington con- 
sidered that the relatively good performance of 
associated movements, particularly of the shoulder, 
stood out in contrast to the great diminution in 
purposive movements. It may be that both groups 
of workers saw the same kind of associated move- 
ments; Munk contrasted these with the excellent 
purposive movements of his monkeys; Mott and 
Sherrington contrasted them with the almost com- 
plete lack of purposive movements of theirs. It 
may also be that various workers used the term 
‘associated movements” to mean different things. 
Lassek (1953a and b, 1955) and Lassek and 
Moyer (1956) reported observations on the effects 
of posterior rhizotomy; the cutting of the roots 
was confirmed histologically. In all, 36 adult 
monkeys and one monkey aged 4 weeks were 
mentioned, but it is not clear how many of these 
monkeys appeared in more than one paper of the 
series; in 16 of the adult monkeys other lesions as 
well as the posterior rhizotomies were made. These 
results accord entirely with those of Mott and 
Sherrington. Lassek found the operation causes 


“an almost complete paralysis, only the crudest 
possible motion being retained. This latter consists 
of rare random and aimless movements generated at 
the shoulder joint. Stimuli of emotional origin are 
capable of breaking through the lower motor neurones 
only on violent struggling.” 


The deafferented limb was not used “in supporting 
the body weight in the sitting position, for progress, 
for grasping the wire meshes of the cages, for 
climbing or for eating.”” He observed “‘little or no 
signs of restitution of function.’ In his report on 
posterior rhizotomies combined with other lesions 
(1955), he stated that the animals with posterior 
rhizotomies have more serious deficits than those 
with removal of the parietal cortex; and recovery 
from the cortical lesion is more rapid and more 
complete. In the infant monkey with a deafferented 
upper limb, Lassek and Moyer (1956) never saw 
individual finger movements throughout the eight 
months of the animal’s life; this limb performed 
“random and aimless movements with clenching of 
the fist’’; but the monkey could eventually reach 
for “‘and partially grasp the meshed wires”’. 
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Twitchell (1954) reported his observations after 
deafferenting one upper limb in monkeys. He found 
this caused a severe motor deficit, which “amounted 
to a virtual paralysis of the limb’. The monkey 
never again used the hand for grasping. But “from 
two to six days after the operation the monkey 
defended himself by flexing the arm, catching the 
offending object with the wrist or forearm, and 
pulling or scraping it to his mouth’’. Twitchell also 
observed movements of the deafferented limb 
associated with climbing, particularly when the 
animal was excited. Twitchell considered that the 
animal learned to compensate for its loss of sensory 
input by using its eyes. He believed that when the 
animal used its limb, it did so by adapting the 
flexion and extension of the neck reflexes to form 
purposive movements. After division of all the 
more cranial posterior roots bilaterally, both the 
neck reflexes and these purposive movements dis- 
appeared. Although Twitchell’s work provides 
evidence that the movements he observed were 
dependent on the neck reflexes, this mechanism 
cannot account entirely for the complicated pur- 
posive movements described by Munk in the ape 
and by Forster in man. 

From reading the observations and deductions of 
those who have studied the effects of deafferentation 
on the limbs of the monkey, one sees that the views 
are conflicting. Not only did the monkeys of the 
various workers show different features, but 
often they were of opposite character; and, more 
disturbing, the very monkeys observed by one 
worker apparently showed different behaviour when 
observed by another. Mott and Sherrington, 
Lassek, and Twitchell claimed that the monkey is 
almost paralysed, whereas Munk and Hering 
claimed that it is far from paralysed and can perform 
many tasks with the deafferented limb and hand. 
Although Mott and Sherrington stated that the 
movements of the hand were practically abolished 
by deafferentation and that the “movement of 
grasping never once occurs in all our experience’’, 
Sherrington wrote to Hering that one monkey 
showed movements of the deafferented limb one 
and a half hours after the operation, and that 
the movements consisted of an attempt to use the 
hand to take food. In Hering’s account of the 
monkeys deafferented by Sherrington, it was re- 
ported that when the animal tried to scratch its back 
with its deafferented hand, the movements were very 
badly coordinated. But from reading Mott and 
Sherrington’s account the impression is gained that 
the animal could not use the deafferented limb to 
carry out such movements. The observations of 
Lassek and Moyer are similar to those published by 
Mott and Sherrington. Twitchell also reported 
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similar observations, although his monkey did not 
show so complete a paralysis: it defended itself by 
flexing the arm and it would try to catch the object 
with which it was being menaced, pulling or scraping 
it to its mouth. Munk claimed that deafferentation 
does not permanently and completely remove useful 
movements of a limb. His detailed account of the 
exact performance of various movements carried 
out by his monkeys, in which he describes how they 
placed their thumbs and fingers so as to move a piece 
of carrot from between the bars of the cage and how 
they brought the food to their mouths and other 
similar activities, is very convincing. Unfortunately 
Munk’s work has remained unheeded; we have 
found no reference to it by any of the workers in 
this field; and Sherrington made no mention of it 
in his later comments on the effects of deafferenta- 
tion, published in 1931. 

One has to account for the different post-opera- 
tive behaviour observed by the various workers. 
An important difference seems to be the extent to 
which the animals were forced to use the de- 
afferented limb by being prevented from using the 
normal limbs. Lassek and Twitchell did not bind 
the normally innervated limbs of their monkeys; 
Mott and Sherrington did this to some extent; 
Munk did so routinely. Munk seems to have 
trained his animals to use the deafferented limb. 
The fact that he repeatedly gave his monkeys tasks 
to do with the deafferented limb while preventing 
them using’ the other limb and rewarded them when 
they succeeded in using the limb for performing 
these tasks, constitutes an effective form of training. 
It may be that this difference in post-operative 
training is responsible for the different observations 
made by the different workers. But this explanation 
cannot account for all the differences observed in the 
behaviour of the monkeys; for Munk saw his 
animals moving the deafferented limb away from 
the trunk when they needed to scratch themselves 
in a part covered by the limb, and he saw them 
sitting in their cages performing all movements of 
the limb, including pronation and supination of the 
hand, extending, flexing, and spreading out the 
fingers. It seems then that the definite statements 
of Mott and Sherrington and of Lassek that animals 
cannot use their fingers and hands after deafferenta- 
tion of the limb requires modification. For Munk 
paid particular attention to the use of the fingers 
and hand and insists that monkeys re-learn these 
movements. 

There is agreement by all observers that increased 
emotional motivation, such as fear, enables the 
monkey to perform movements that it otherwise 
does not do. It is also agreed that movements 
needing an orderly cooperation of the deafferented 
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EFFECTS OF POSTERIOR ROOT SECTION ON MUSCULAR ACTIVITY 


limb with the other limb or limbs are seriously 
disturbed, and that little or no improvement occurs. 

In 1895, Bastian also observed Mott and Sherring- 
ton’s monkeys, and reported his conclusions about 
the inactivity of the deafferented limbs to the Royal 
Society as follows: 


“We have here a lowered functional activity in the 
motor centres themselves situated in the spinal cord 
by reason of which their molecular activity is so 
altered that they are no longer capable of responding 
to ordinary volitional stimuli coming from the cerebral 
cortex. . The immediate result of this may be 
presumed to be a lowering of the habitual sub-activity 
of the motor centres upon which the condition of tonus 
in the muscles depends. Muscles may not 
respond to ordinary volitional stimuli, and yet may 
respond when the stimulus is strengthened under the 
influence of emotion. In a similar manner may we 
explain the fact that when the centres are 
stimulated by electricity, movements of the previously 
paralysed limbs are produced just as easily as they are 
in a normal limb.” 


This statement seems to us to accord with much 
experimental work on the “molecular activity of the 
spinal cord motor centres’ done in recent years. 


Dog.—In 1897, von Korniloff demonstrated dogs 
in which he had deafferented one hindlimb to the 
International Medical Congress in Moscow, publish- 
ing the results in 1898; the posterior rhizotomies 
were confirmed at necropsy a few months later. 
His results will not be given here as they are similar 
to those of Bickel, which will be considered in greater 
detail. Bickel (1897) reported many experiments 
on young dogs, in which he deafferented one or both 
hindlimbs. In the book on the subject which he 
published in 1903 (which is mentioned by no worker 
except Sherrington), he reported further experi- 
ments: these consisted of deafferenting the hind- 
limbs and removing the sensori-motor cortex for 
all four limbs; in one group the first of the two 
operations was the deafferentation and in the other 
group the removal of the cortex was done first. 

Bickel considered that the post-operative period 
is best regarded as consisting of three stages: “a 
pseudo-paralysis stage, a stage of severe ataxia, and 
a stage of compensation for this ataxia.’’ In the 
stage of pseudoparalysis, although the deafferented 
limbs do not support the body, the abdomen and 
posterior limbs being merely dragged along the 
ground, the limbs are not in fact paralysed; they 
can perform energetic but inefficient movements; 
when these animals are held up by the scruff of the 
neck, all four limbs make running movements. 
Gradually these dogs learn to stand, walk, run, and 
eventually to use the deafferented hindlimbs for 
scratching; they could even stand on their hind- 
limbs, and they learnt to go up and down stairs; 
they could jump down from a chair and even jump 
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over a fence without catching their hindpaws. But 
the movements of these limbs were “completely 
unregulated”. Bickel describes how when these 
dogs run, the deafferented legs go all over the place 
“as if it was important to the dog only to move 
them, the purpose of the movements being of no 
interest’. Eventually, however, compensation is 
so complete that, 


“It is really remarkable how slight the disturbances 
are when one thinks of the nature of the lesion which 
the dog has suffered. . . When the dog plays at 
fighting with the other dogs in the courtyard, plays 
around in the grass, jumps up, running away from its 
pursuers, stands on its hindlegs to look up into a tree, 
or wildly rushes after a piece of meat amongst its 
comrades, then an unpractised eye can hardly tell this 
dog from its normal companions.” 


Not all animals, however, attain this degree of com- 
pensation, there being differences between the 
various dogs, according to the character and the 
temperament of the individual animal. 

Bickel found that all disorders were less after 
deafferentation of both hindlimbs than after one. 
For instance, running was always more abnormal 
in these dogs; when they ran they might take some 
steps more or less normally, then the deafferented 
limb might “‘be left in inactivity” for a step or two. 
But in the dogs with both hindlimbs deafferented 
running was almost normal. 


Man.—Féorster (1911) reported the observations 
he made in man following severance of the posterior 
roots, an operation that he introduced as treatment 
for spasticity; and in 1913 he published a further 
account of his experience. From his reports it is 
clear that in man the lower limbs can be voluntarily 
moved after posterior roots have been cut, although 
it is not clear if the limbs in these cases were ever 
completely deafferented. In his Handbuch (1936), 
Forster again wrote about the effects of deafferenta- 
tion on movements in man. The value of this 
account for answering the question of what effects 
deafferentation has on the activity of a limb and of 
its muscles is somewhat less than might have been 
hoped; for observations and interpretations are 
inextricably mingled and it is, moreover, Ci.ficult to 
sort out when Forster is discussing tabes dorsalis 
and when he is referring to patients with proved 
division of posterior roots. Nevertheless, from 
these three accounts certain definite facts concerning 
the effects of cutting the posterior roots in man on 
the ability to use the limb can be gathered. 

It is clear that immediately after operation man 
can perform simple movements with the deafferented 
limb, yet these movements are defective. For 
example, the forearm may be moved when it should 
be kept still, or a movement may suddenly stop in 
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the middle of its course; extension may replace 
flexion and vice versa. All movements, particularly 
those of the prime movers, are excessive in range; 
the antagonists may fail to contract reciprocally. 
‘*‘When the patient is required to bring his hand to 
his mouth, he hits himself in the face, and when he has 
to take hold of something in his fingers, he grips it 
with such vehemence that he may break or crush the 
object.” 


Forster writes that often when the patient tries to 
avoid exaggerated activity of the prime movers, he 
uses the antagonists from the beginning 
“so that the movement is unnecessarily braked, and 
in fact the use of the antagonists may be so excessive 


that actually the opposite movement to that intended 
is eventually carried out.” 


Thus attempts at correction fail because the cor- 
rective movements are themselves accompanied by 
gross exaggerations in amplitude and strength. In 
addition to the general incoordination, all move- 
ments are often interrupted by “useless associated 
movements (Mitbewegungen)’’. 

Altenburger (1937) has also reported his observa- 
tions on the effects of dividing the posterior roots 
in man; his material included, if it did not entirely 
consist of, the patients operated upon by Forster 
and Guttmann. His account is largely the same as 
that of Forster, although, unlike him, he stresses 
that the synergists take part in movements in the 
normal manner and order, without the aid of visual 
control. Altenburger has provided some excellent 
electromyograms from these deafferented muscles; 
he first presented these in 1928, later publishing them 
in more detail in the Handbuch (1937). He examined 
muscles electromyographically before, half an hour 
after, and 16 days after division of their posterior 
roots. After deafferentation he found a great 
increase in the “amplitude and the rate” of the 
E.M.G. He showed that when a deafferented upper 
limb is required to be held out against gravity or to 
support a weight, the action potentials of the deltoid 
muscle increase in frequency and amplitude, just as 
in the normal. In general, he found that antagonists 
still relaxed reciprocally and that the temporal 
relation of the movements of the synergists to the 
antagonists was normal. He showed too that the 
typical exaggeration of movements that followed 
cutting the posterior roots is not due to a failure 
of contraction of the antagonists. It is thus seen 
that Altenburger and Forster presented different 
accounts of what occurs following deafferentation 
in man. 

Before summarizing what is known about the 
effects of cutting the posterior roots on the move- 
ments of a limb, it should be mentioned that those 
who have performed this operation on monkeys 
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have made different and often incompatible observa- 


tions, and that the reports on the dog come mainly 
from one worker. The observations on man are 
few, and they do not include accounts of subjective 
observations by the patients; such information is 
likely to be illuminating in a condition with such 
deprivation of sensory information. It has been 
found, as would have been expected, that individual 
dogs and monkeys differ one from another; and 
also that there are differences according to the 
different species. 

Cutting the posterior roots does not paralyse the 


limbs, although such a description has been given |— 
Although |~ 
deafferented limbs can be used, all movements are |— 
abnormal, being badly coordinated and ataxic; the | 


of the state soon after the operation. 


intended movements are interrupted by unnecessary 





and excessive movements, and the integration of | 
contraction and relaxation of the limb muscles and | 


of the limb in the total organization of the whole 
body is much disturbed. Individuals of all species 
investigated were found to be able to compensate 
to some extent for these deficits. The degree to 
which an animal uses the deafferented limb seems 
to depend partly on post-operative training. The 


dog and the monkey are able to carry out all | 


activities with the deafferented limb that they could 
do before. All this behaviour, even standing and 
walking in the dog with both hindlimbs deafferented, 
has to be re-learnt. Yet this animal can do this so 
well that it has been said that only a practised eye 
can tell the dog with deafferented hindlimbs from 
its normal companions, when it is living in the pack, 


4 
z 


t 4 


and not subjected to special tests requiring careful | 


coordination of the limbs. Before the animal has 
re-learnt, motivation plays an important part in the 
animal’s use of the limb: when a strong emotion, 
such as fear or hunger, drives the animal, move- 
ments are seen in the deafferented limb that are not 
present at other times. In the dog more disability 
results from deafferenting one hindlimb than from 
deafferenting both; such double deafferentation has 
not been performed in monkey or man. In the 
monkey it is probable that neck reflexes are used to 


help the movements of the deafferented upper limb. | 
Although deafferented limbs are used for purposive | 


movements, they are not used in a normal way, for 
without afferent surveillance, all movements are 
clumsy; they may overshoot or fall short of the 
mark. All the abnormalities are more marked for 
the hand and digits than for the forearm and arm in 
monkey, and probably in man. 


Effects of Cutting Posterior Roots on Limb 
Posture and Tone.—It is usually believed that 
deafferented limbs are toneless and devoid of 
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posture; tone, being dependent on the integrity 
of proprioceptive reflexes from the limb, might be 
expected to be absent in a deafferented limb. The 
observations of those who have studied the effects 
of posterior rhizotomy lend little support to this 
belief. 

Monkeys.—Mott and Sherrington (1895) reported 
that tone in their monkeys was much diminished. 
Yet their account relating that ‘“‘the forelimb swings 
helplessly, with flexion at elbow and wrist and 
adduction at shoulder, in much the same position 
as if carried in a sling’, and that the hindlimb when 
the animal was climbing was “‘kept more or less 
flexed at the hip or knee’’ seems to show that some 
tone must have been present; moreover, it had a 
particular distribution, leading to flexion and 
adduction in the forelimb and flexion in the hind- 
limb. The flexion at the elbow can be clearly seen 
from the photographs published by Sherrington in 
1931. Although Mott and Sherrington described 
this posture, its presence was apparently never 
commented upon by Sherrington as _ providing 
evidence for the existence of tone in a deafferented 
limb. The reason for this may be that when Mott 
and Sherrington first published the work on de- 
afferentation (1895) they were not concerned with 
tone. Sherrington worked on decerebrate rigidity 
in dogs and cats in 1896, publishing his account 
of it in 1898; by this time he had shown that a 
limb showing the sustained contraction of decere- 
brate rigidity ‘tat once falls into flaccidity’’ when its 
posterior roots are cut, and that if the roots are cut 
before decerebration, the rigidity does not develop. 
The fact, then, that in deafferented limbs there is 
ever any kind of tone is surprising. 

Munk (1903, 1909) reported that when his 
monkeys were sitting, “the anaesthetic limb hung 
down loosely, the forearm and fingers slightly 
flexed; when the animal walked or climbed, the 
limb remained in the same position.”” The limb is, 
he writes, ‘tas flaccid as the limb of a corpse.” 

Lassek (1953b, 1955) found in his monkeys that 
cutting the posterior roots of the brachial plexus 
causes flaccidity: “‘little or no tone can be detected.” 
This state continued for four months, the longest 
period of observation of the adult monkeys. How- 
ever, in the paper with Moyer (1956) he described in 
a monkey with a deafferented forelimb that the tone 
was generally decreased, “but the tone in the flexor 
muscles of the fingers always exceeds that in the 
extensors so that the distal muscies remain in an 
almost constant state of flexion.”’ Of particular 
importance is the report of Twitchell (1954). He ob- 
served regarding the deafferented forelimb that: 
‘When the animal walked or ran, the affected limb 
was slightly flexed at the shoulder, and elbow, so 
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that the hand did not touch the ground’. In these 
animals he ‘“‘abolished the neck reflex by sectioning 
the posterior roots of the most cranial cervical 
segments bilaterally”; he then found that “the 
affected limb hung completely flaccid; and that 
movements of the head no longer induced changes 
in the posture of the limb. 

Cat and Dog.—von Korniloff (1898) found that 
following deafferentation of the dog’s hindlimb 
strong tonic extension of the limb developed; when 
the limb was forcibly flexed, it returned on being 
released to its previous position of extension. This 
extensor posture continued for four months, the 
longest period the dogs were kept alive after the 
operation. On the other hand, Bickel (1903) 
described the deafferented hindlimbs of his dogs as 
flaccid; the knees were flexed and the leg and foot 
were dragged along, dorsal surface to the ground; 
but eventually some tone, both extensor and flexor, 
was regained, so that the hindlimbs were able to 
support the weight of the body. Bickel pointed 
out that limbs with the corresponding sensori- 
motor cortical area excised are spastic, those with 
the posterior roots cut are flaccid, and those with 
both posterior roots cut and sensorimotor cortex 
excised are spastic; this shows clearly that 
deafferented limbs may possess tone. 

Ranson (1928) was particularly interested in the 
effects of deafferentation on “tone’’ and posture, 
for he realised that Mott and Sherrington’s account 
of the posture of their animals was discrepant with 
Sherrington’s work, demonstrating that “tone” 
depended on the integrity of the posterior roots. 
When Ranson deafferented the hindlimb of cats, he 
found that “tas soon as the cat recovers from the 
anaesthetic, the anaesthetic leg is flaccid, and, 
although it is not entirely paralysed, its movements 
are more limited than those of the normal leg. . . . 
Within 48 hours, however, a pronounced change 
in the condition of the limb usually occurs. An 
overaction of the deafferented extensor muscles 
develops, which may or may not be accompanied 
by an increased resistance to passive flexion.” 
There was also adduction, which interfered with 
standing, the animals often falling over on to the 
deafferented limb; they could not prevent this by 
flexing and abducting the limb. This condition 
lasted two to four weeks. As the extensor tone then 
diminished, the animals began to walk again. The 
difficulty they had in walking appeared to be due 
to the failure to relax of the extensors, which stopped 
the flexors bringing the leg forwards. Though 
walking improved, the animals still had difficulty 
in flexing the limb, which “‘tended to be dragged 
with the dorsal side of the foot down.”’ Ina minority 
of the cats, this overactivity of the extensors did not 
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develop. These cats showed weakness and ataxia 
of the limb, which tended to bend under their 
weight. 

Lassek and Moyer (1956) found that deafferenting 
the forelimb of a kitten caused “the affected limb 
to hang straight down with the elbow in extension 
and the wrist in flexion. It can be used for a slight 
amount of postural support in this state with some 
weight exerted on the dorsum of the wrist.” 


Man.—Forster (1911) regarded the decrease of 
tone that follows deafferentation as so striking that 
he advocated this operation as a therapy for spastic 
limbs. After the operation he found 

“it was possible to move the limbs passively, contrac- 

tion (if not due to fibrosis) eventually disappeared, and 

flexor reflexes became less marked, no longer irra- 


diating beyond the limb stimulated; in some cases 
they were completely stopped.” 


Pollock and Davis (1930) reported the deafferenta- 
tion of an upper limb in a patient suffering from 
Parkinsonism. Unfortunately their account of the 
results does not provide a clear picture of the 
changes in tone and posture that ensued. 

It may be concluded from this survey of reported 
work that chronically deafferented limbs are not 
devoid of tone; they may show a sustained posture. 
This is contrary to what is usually deduced from 
Sherrington’s work on posture and tone. Although 
there is clearly a great diminution in normal tone, 
what tone remains has a particular distribution, and 
this seems to vary according to species. In the dog, 
although the deafferented limbs are almost flaccid 
immediately after the operation, one observer found 
that they developed strong abnormal extensor tone 
while another observer did not see this. In the cat 
marked extension and adduction have also been 
reported, but this does not occur in all animals. 
The deafferented forelimb of the monkey has been 
reported both as being flexed and adducted at the 
elbow, and also as hanging down and extended at 
the elbow; some of the posture in the monkey seems 
to depend on the activity of the neck reflexes. The 
hindlimb has been reported as being flexed at the 
hip and knee. 


Effects of Cutting Posterior Roots on Respiratory 
Movements in the Cat.—A few experiments have 
been performed on the effects of posterior rhizotomy 
on the muscles used in respiration. These have all 
been acute experiments carried out on the anaes- 
thetized or decerebrate cat. Coombs (1918) found 
that cutting the posterior thoracic roots caused “‘a 
diminution of costal respiration.”” In further ex- 
periments with Pike (1930), she found that in young 
kittens, from the time of birth till 10 days old, 
cutting the posterior thoracic roots almost stopped 


respiration; in older kittens this operation caused 
only a diminution in respiration. They described 
the following effects after cutting the posterior 
cervical roots in the kitten. 
the diaphragm were much cut down and the 
respiratory rate was slowed. When the dorsal 
roots of both thoracic and cervical nerves are 
divided, kittens live only one to two hours and 
respiration is dyspnoeic.’’ Similar experiments of 
dividing the posterior roots bilaterally were per- 
formed by Stella (1938). He found that cutting ail 
the roots from the first cervical to the eleventh 
thoracic segments “did not seem to alter respira- 
tion, which was diaphragmatic before, and remained 
the same after the operation.’” Thus he found no 
effect on diaphragmatic movements. On the other 
hand, Sears (1958) when performing acute experi- 
ments on the Hering-Breuer reflexes in the cat, 
observed that after the cutting of posterior thoracic 
roots the activity of the intercostal muscles was re- 
duced or abolished in the segment innervated by 
that root. 


New Observations on Man 


We now report the findings in three patients in 
whom certain posterior roots were cut. The 
deafferented muscles were of particular interest, 
for they included the diaphragm, an almost com- 
pletely automatic muscle, the intercostals, muscles 
used both in respiration and in posture, and the 
levator scapulae,.a trunk muscle working in asso- 
ciation with the upper limb. This choice of muscles 
permitted us to sample any alterations in activity in 
muscles of a mainly automatic type and in muscles 
used mainly in purposive directed movements. 


Methods.—All three patients were examined before 
and after the operation of unilateral cutting of some 
cervical or thoracic roots. Sensibility was tested by the 
usual clinical methods, and the activity of muscles was 
assessed clinically. The movements of the diaphragm 
were examined radiologically by screening, with the 
patient standing. In two of the three patients electro- 
myograms were also recorded from various muscles on 
both sides of the body with co-axial needle electrodes. 
The points at which the needles were inserted before the 
operation were tattooed so that after operation the needle 
could be inserted into the same region of the muscle. In 
one case photographs were taken of recordings made 
on a cathode ray oscillograph; in the other case records 
were also made of respiration, an ink-writing in which an 
oscillograph was used. To record respiration, the patient 
breathed through a wide-bored mouthpiece, his nose 
being clipped; one limb of a T-shaped tube was placed 
in the mouth, one limb was connected to a pressure 
recorder, and the third limb was left open to the air. 
Resistance to airflow could be increased by the addition 
of short lengths of rubber tubing to the open limb of the 
T-piece. Voluntary expiratory effort was tested by 
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Fic. 1.—Mr. H.B. 


PRE-OP. 


9 DAYS 


Electromyograms of the levatores scapulae. 
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The bracket beneath each record represents 100 m.sec. The 


record nine days after operation shows no motor unit activity, and that 17 days after operation shows a single unit active during 


shrugging of the shoulders. 


requiring the patient to hold up a column of water 
10 to 50 cm. high. 


Results.—Mr. J. B. was suffering from carcinoma of 
the fauces which had spread to neighbouring lymphatic 
glands. For the relief of pain, Mr. Wylie McKissock 
divided the right ninth cranial nerve, and the right 
posterior roots of the first, second, third, and fourth and 
some fibres of the fifth cervical nerves. 

Four days later the patient was well enough to be 
screened standing up. It was seen that the right half of 
the diaphragm was not moving. Three months later 
screening showed that both sides of the diaphragm 
moved, although the right half moved less well than the 
left; it showed no paradoxical movement. 


Thus, division of the posterior roots of the 
cervical segments from which the phrenic nerve 
arises results in temporary paralysis of the dia- 
phragm. Partial recovery occurs within three 


months. It was this observation that led us to 
investigate the activity of other muscles after 
deafferentation. Particular attention was paid to 
the levator scapulae, as this muscle has the same 
segmental innervation as the diaphragm. 


Mr. H. B. was suffering from carcinoma of the left 
pyriform fossa, which caused him pain in the back of the 
head and on the left side of the neck. To relieve the pain, 
Mr. Alan Richardson divided the left posterior roots of 
the first, second, third, and fourth cervical nerves. 

Six days after the operation, on screening, the left 
half of the diaphragm was seen to be paralysed; it was 
slightly elevated; during quiet respiration, it showed 
slight movements, in the normal directions; but when 
the patient was asked to take a deep breath or sniff, the 
left half of the diaphragm rose. On the ninth day this 
paradoxical movement was still present. Twelve days 
after the operation the action of the diaphragm was 
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further examined while the patient breathed a mixture 
of 5% CO, and 95 % O,; the diaphragm moved asynchro- 
nously, the left side less than and after the right; both 
with this stimulant to breathing and on forced inspira- 
tion, what little movement of the left diaphragm occurred 
was paradoxical. 

At this time the movements of the neck and the 
upper limbs were re-examined clinically and the muscles 
tested electromyographically. The patient tended to keep 
his head flexed, yet he could move his head as fully in all 
directions as he had done before the operation. The 
movements of both upper limbs were found to be normal; 
he could shrug his shoulders and lift his arms. But 
whereas before the operation the levator scapulae par- 
ticipated in this movement, as was seen clinically and 
shown electromyographically, after the operation no 
participation of the levator scapulae in the movements 
was seen nor was any found electromyographically; the 
rignt levator scapulae continued to function normally. 

Sixteen days after operation the diaphragm was again 
examined radiologically: no paradoxical movement was 
seen and none could be induced; the movements, how- 
ever, were delayed and of diminished excursion. 

On the next day electromyographic examination of the 
left levator scapulae showed a few motor units in activity 
when the patient shrugged his shoulders, The electro- 
myograms of the levatores scapulae before, nine and 
17 days after posterior rhizotomy are shown in Fig. 1. 

Thus, dividing the posterior cervical roots temporarily 
paralysed the diaphragm. This paralysis was recovering 
16 days after the operation. Deafferentation of the 
levator scapulae also paralysed this muscle, and 17 days 
after the operation, there was also slight recovery from 
this paralysis. 

Mr. H. M. was suffering from carcinoma of the 
bronchus, which had spread to involve the chest wall 
posteriorly, though it had not involved the intercostal 
nerves. For the pain of this condition, Mr. J. Brice 
divided the left posterior roots of the fourth, fifth, sixth, 
and some of the fibres of the seventh thoracic nerves. 
On the following day, inspection showed that the left 
side of the chest moved less than the right. 

Electromyographic records were made before and 
after the operation from the fourth, fifth, and sixth 
intercostal muscles on both sides. These recordings were 
made with the patient sitting upright on a bench, with 
his back supported. The patient could not be re- 
examined electromyographically under these conditions 
till 14 days after operation. 

In the electromyograms made before the operation, 
wherever the needle was inserted into the intercostal 
muscles, spontaneous activity was encountered. This 
consisted of two elements, units firing continually, and 
units firing in phase with respiration. Continual activity 
was nearly always encountered and was found to be 
influenced by posture. The amount of activity seen in 
phase with respiration depended on two factors: the 
position of the needle, and the type and depth of respira- 
tion. During quiet respiration, activity was usually 
slight, although some units could always be found firing 
with the respiratory rhythm. If the depth of the needle 
was increased a few millimetres often a different pattern 
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would be found. Asa general rule expiratory units were 
encountered deep in the intercostal space, inspiratory 
units being met with more superficially. All forms of 
activity were less on the left side of the chest than the 
right. An example of quiet respiratory activity, recorded 
before operation, is shown in Fig. 2a. When some 
resistance was placed in the airway, causing deeper 
breathing, fresh units were recruited, as shown in the 
lower record of Fig. 2a. The effects of breathing more 
deeply to command, of taking a very deep breath, and of 
supporting a column of water are shown in Fig. 2b. 
It will be seen that foreach manoeuvre the activity was 
very much increased. 

After the operation, the electromyograms on the un- 
operated right side were unchanged. On the left side, 
however, repeated sampling at various depths in the 
deafferented intercostal muscles showed less activity 
than pre-operatively, both in respiration and in the 
continual tonic activity, and less than could be found in 
the normally innervated spaces on the same side. It is 
to be noted that at the time of the examinations, the 
first of which was 14 days after operation, there was 
certainly not a complete absence of activity, as had been 
found earlier in the previous two cases. An example of 
the activity recorded on the fourteenth day from the 
fifth left intercostal space, a space in the centre of the 
deafferented region, is shown in Fig. 2c. Some units 
were found to be active during quiet respiration, aid 
many more became active when the patient supported a 
column of water by expiratory effort. The activity in the 
deafferented intercostal muscles immediately after the 
operation in this patient is unknown. The evidence 
showed that 14 days or more after operation there was 
some activity in these muscles; this was less than that 
before operation and than that in the normally innervated 
intercostal muscles of both sides. 


Discussion 


The outstanding feature of the first two cases was 
that after cutting of the posterior cervical roots all 
movement of the corresponding muscles ceased. 
This paralysis was temporary; there was some 
recovery at the seventeenth day in one case; in 
both cases it was incomplete at the end of three 
months. The muscles tested were the diaphragm, 
a muscle the main function of which is respiratory, 
and the levator scapulae, a trunk muscle the activity 
of which is integrated with that of the upper limb. 
When these muscles are deafferented, testing during 
the first post-operative fortnight proved ineffective 
in inducing contraction: attempts to carry out 
movements to command, sudden sniffing, stimula- 
tion of respiration by chemical means, all failed to 
cause contraction of the muscles concerned. In the 
third case electromyographic evidence was not 
available during the first fortnight after posterior 
root section, though during this time it was seen that 
the left side of the chest moved less than before the 
operation. When electromyography again was 
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Fic. 2a.—Mr. H.M. Electromyograms recorded pre-operatively from the intercostal muscles of the fifth intercostal space. The time 


intervals are 1 second. The vertical bracket beside the respiratory record represents 5 cm. of water at the junction of the T-piece; 
inspiration is shown by an upward deflection. The upper record made during quiet respiration shows a single unit firing intermittently 
on a background of continuous activity. The lower record shows the effect of adding resistance of less than | cm. of water to the air- 


way. Fresh units are recruited, and the unit previously active fires at a greater frequency and for a longer time. 
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Fic. 2b.—Mr. H.M. Electromyograms recorded pre-operatively from the intercostal muscles of the fifth intercostal space. The 
vertical bracket on the right represents 20 cm. of water. The upper record shows deeper breathing on command, the middle 
record is of taking a very deep breath, and the lower record was made while the patient supported a column of water 


by expiratory effort. 
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Fic. 2c.—Mr. H.M. Electromyo- 
grams recorded 14 days after 
operation from the intercostal 
muscles of the fifth intercostal 





space. The time intervals are 
1 sec. The vertical bracket be- 
side the respiratory record 
represents 10 cm. of water. The 
upper record shows some 
activity during quiet respiration; 
the lower was taken while the 
Patient supported a column of 
water by expiratory effort. 
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possible, the deafferented muscles were found to be 
active, though less so than before the operation and 
less than the neighbouring normally innervated 
muscles. 

It could be suggested that the absence or diminu- 
tion in electrical activity following the operation 
was due to inadequate sampling. As before the 
operation activity during muscular contraction was 
readily found at any needle position, we conclude 
that the absence of detectable activity electro- 
myographically after operation may be taken as 
indicating a real inactivity of many motor units. 

The paralysis of the diaphragm we observed is in 
direct contrast to the activity seen by Férster imme- 
diately after deafferentation of the upper limbs; 
and the electromyographic inactivity in the levator 
scapulae and later diminished activity in the inter- 
costals also is in contrast to the excessive activity 
seen by Altenburger immediately after the operation. 

The fact that posterior root section paralyses the 
corresponding respiratory muscles is of importance 
in learning about the normal control of respiratory 
muscles. The usual view of the activation of these 
muscles is that the motor neurones concerned are 
controlled by descending fibres having origin in the 
respiratory centres at supraspinal levels. It now 
appears from our present observations that the 
excitability of the spinal motor neurones used in 
respiration is also under the influence of the local 


segmental inflow; when this is suddenly cut off, 
impulses from supraspinal levels cannot activate 
the neurones innervating the diaphragm and, 
probably, the intercostal muscles. 


As an explanation of the inactivity of muscles | 


following deafferentation, we suggest that the 
likeliest hypothesis is that offered by Bastian (1895) 
that there is “ta lowered functional activity in the 
motor centres situated in the spinal cord”’ following 
the removal of a usual afferent inflow. This general 
conception can be given greater precision nowa- 
days, owing to the work on the different effects of 
cutting the posterior roots on the two routes of 
activation of muscles, the direct to the alpha motor 
neurones and the indirect via the gamma loop. 
Eldred, Granit, and Merton (1953) have shown that 
cutting the posterior roots stops all discharge of the 
corresponding motor neurones of alpha type in 
acute experiments on the Sherrington decerebrate 
cat. These and other similar observations led 
Granit (1955) to conclude that the alpha motor 
neurones are tonically facilitated by impulses from 
the muscle spindle afferents. We therefore suggest 
that the early paralysis that we observed is due to 
the sudden cutting off of the habitual afferent inflow 
to the alpha motor neurones. 

This suggestion presupposes that the respiratory 
muscles are normally activated via the two routes 
known to exist for the limb muscles. There has so 
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" far been no investigation of the possible existence 


of a mechanism employing the direct and indirect 
routes for controlling the respiratory musculature. 
Indeed there is even disagreement on whether these 
muscles are equipped with muscle spindles. Dogiel 
(1903) has described and illustrated them in the 


_ intercostal muscles of the dog. Gregor (1904), who 
' carried out an extensive study of spindles in the 
' human foetus, found them present in the diaphragm, 


although, he wrote, this is one of the muscles where 
they are few. Fraenkel (1878), however, had failed 


- tosee them in the diaphragm; but he was examining 
_ atrophic muscles from patients who had died from 


| phthisis. 


Batten (1897) also found none in the 


' diaphragm, though he wrote that his examination 
_ of this muscle “‘had been by no means exhaustive’’. 


It seems then that one may conclude that the 
presence of spindles in the respiratory musculature 
is probable but not certain. 

However, whether the muscles used in respiration 
are activated by the direct route or the indirect 
route, or as is more probable, a combination of the 
two, cutting the posterior roots results in the 
neurones of the final common path, the alpha motor 
neurones, ceasing to fire for some time. 

The eventual recovery of the activity in the de- 
afferented muscles of our cases must now be con- 


_ sidered, for this is a phenomenon at least as 


important as the initial paralysis. Recovery was 
also seen in the limb muscles of monkeys, dogs, and 


cats by Hering, Bickel, von Korniloff, Munk, and 


Ranson. 

Whether the route of activation of the muscles 
concerned is normally via the indirect or the direct 
route, or a combination of the two, recovery de- 
pends on the restoration of the excitability of the 
alpha motor neurones. An explanation might be 
that these neurones are exposed to an intensified 
bombardment of impulses from the remaining 
pre-synaptic fibres. Such an increase might result 
from an increased emotional need to use the 
paralysed muscles; but this explanation seems 
unlikely, for our patients had no increased motive 
to use the paralysed muscles, nor did they con- 
sciously try to re-learn to use them, being unaware 
of having any paralysis. 

An increased bombardment of the respiratory 
motor neurones might be thought of as being due 
to an increase in the carbon dioxide tension, conse- 
quent on the paralysis of one-half of the diaphragm. 
However, this would have been maximal imme- 
diately after the operation, during the time of the 
paralysis. Moreover, increasing the carbon dioxide 
tension in the inspired air failed to make the para- 
lysed diaphragm contract. It thus seems that 
recovery was dependent on some process other than 
3 


an increase in the activity in existing pre-synaptic 
fibres. 

A possible explanation is that in time the motor 
neurones themselves become more sensitive to the 
action of the chemical transmitters liberated at their 
pre-synaptic terminals as suggested by the work of 
Cannon and Haimovici (1939). They found that 
spinal neurones ipsilateral to a hemisection of the 
cord are more excitable than corresponding contra- 
lateral neurones. They concluded that the depriva- 
tion of the influence of the nerve fibres that normally 
connect to the neurones lowers their threshold to 
stimulation, and they considered that this phe- 
nomenon is one of sensitization following partial 
denervation. 

Another explanation of recovery is that afferents 
from synergic muscles entering the cord via the intact 
adjacent posterior roots eventually become effective 
in restoring the excitability of the motor neurones. 
It is known from the work of Eccles, Eccles, and 
Lundberg (1957) that muscles having closely asso- 
ciated functions, such as synergists, share a common 
receptor field from which they draw monosynaptic 
excitation. It would not be far-fetched to consider 
the recovery as being due to an increased effective- 
ness of such connexions. In this manner the muscle 
spindles of synergic muscles could come to act as 
receptors for the motor neurones of the deafferented 
segment, thus re-establishing a gamma fibre loop. 

The explanations given above depend on the in- 
creased effectiveness of transmission across existing 
synapses. An alternative mechanism could be that 
new synapses are laid down due to actual sprouting 
of collaterals and preterminals. Such sprouting has 
been described by Liu and Chambers (1958). They 
showed in the cat that it occurs throughout several 
segments caudal and cranial to a cut posterior root. 
Sprouting could cause the establishment of the 
correct connexions, for the sprouting occurs within 
the very region of the products of axonal degenera- 
tion. That such sprouting collaterals and pre- 
terminals can actually function has also been shown 
by McCouch, Austin, Liu, and Liu (1958). Such 
an explanation could provide a further way of 
accounting for the return of function to deafferented 
muscles in man. 


Summary 


An account is given of previous observations on 
the effects of cutting the posterior roots on the 
movements, posture, and tone of the limbs and of 
the respiratory musculature in cats, dogs, monkeys, 
and man. 

Observations in man are reported on the effects 
of cutting posterior roots, especially on the activity 
of the respiratory muscles and a trunk muscle 
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working in conjunction with the upper limb. After 
deafferentation these muscles ceased to contract; 
this paralysis was temporary. The possible explana- 
tions of the paralysis and return of function are 
discussed. 


We would like to thank Dr. E. Arnold Carmichael and 
Dr. W. A. Cobb for the facilities they provided for doing 
this work, and the neurosurgeons mentioned who 
performed the operations. 
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OBSERVATIONS ON 500 CASES OF MIGRAINE AND 
ALLIED VASCULAR HEADACHE 


BY 


GEORGE SELBY and JAMES W. LANCE 


From the Northcott Neurological Centre, Sydney, Australia 


Headache is probably the most common com- 
plaint referred to the neurologist for investigation. 
Approximately 12% of all patients seen at the 
Northcott Neurological Centre during the past six 
years were found to suffer from vascular headaches. 
At this Centre facilities for investigation are avail- 
able without involving the patient in additional 
expense so that clinical observations are supported 
in most cases by electroencephalographic and radio- 
logical examinations. 

The exact definition of the migraine syndrome is 
difficult and debatable and not all the patients in this 
series would fall within the narrow concept of a 
paroxysmal disturbance of cerebral function asso- 
ciated with unilateral headache and vomiting. The 
term “‘migraine’’ might reasonably be restricted to 
a disorder consisting of two separate phases, intra- 
cranial vasoconstriction, accompanied or followed 
by dilatation of the extracranial vessels. Clinical 
experience has shown, however, that the same 
patient may have attacks produced by either phase 
singly as well as in combination. While the term 
migraine is derived from “‘hemicrania’’, it is not 
unusual for patients to experience pain over the 
entire head with the same accompaniments as in 
their unilateral attacks. The essential characteristic 
of all these vascular headaches is their paroxysmal 
nature, and Gowers (1888) pointed out that the same 
patients may have simple headaches at one period 
of their life and the more complex series of symptoms 
at another period. 


“The simple headaches have the same characters, 
and occur under the same causal conditions of 
heredity, etc.,as those in which there are in addition 
other sensory symptoms.” 


The experimental studies of Wolff and his col- 
leagues (Wolff, 1948, 1955) have established the 
similarity of the patho-physiological mechanism 
underlying migraine and other extracranial vascular 
headaches. The cases presented in this series come 
within this wider concept. 
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»rseries. 


Aetiological Factors 


Sex Incidence.—Our series comprises 300 females 
and 200 males. This female preponderance of 60% 
is slightly lower than the figure quoted by Kinnier 
Wilson (1940) who summarized 13 published series 
with a total of 3,278 cases and found that 71:6% 
were female. 


Age of Onset.—The age at which the first attack 
occurred in 496 cases is shown in Fig. 1. The figure 
of 21% beginning under the age of 10 years is a 
little less than Gowers’ estimate of one-third and 
that of Balyeat and Rinkel (1931), who found an 
onset in the first decade in 30% of their 202 cases. 
Krayenbiihl and Heyck (1955), on the other hand, 
state that only 12% of their 170 cases started in the 
first decade. 

The first four decades account for 92% in our 
The youngest age reported for the first 
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Fic. 1.—Diagram of the age at which the first migraine attack 
occurred. 
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attack was 18 months, while at the other extreme 
one patient claimed to have suffered his first attack 
at the age of 60 years. 


Family History.—Parents, grandparents and 
siblings of the patient were considered (Table 1). 


TABLE I 


FAMILY AND PERSONAL BACKGROUND OF 
MIGRAINEURS 














| No. of | ~~ 
| Cases | Affected 
Family Migraine 464 | 55 
History Epilepsy | 439 | 15 
Allergy | 330 38 
SE a 
Past Convulsions 348 11 
Health Allergy } 311 35 
Recurrent vomiting attacks 198 31 
“Biliousness” and motion sickness 139 59 





Only definite positive and negative statements from 
the case history are included in this analysis and in 
those presented later. As suitable data had not 
always been obtained from all 500 cases, each figure 
is given as a percentage and the total number of 
patients from which this is calculated is shown. 

A positive family history of migraine-type head- 
aches was obtained in 55% of 464 patients. This 
agrees well with Lennox (1947) who gives a figure of 
61% and Bassoe (1933) who reports a 57% in- 
cidence of parental migraine. Allan (1928) claims 
91-4% of parental migraine in a series of 382 
patients, but as the same author alleges that the 
incidence of migraine in the general population 
amounts to 60%, his figure may be treated with 
reserve. Ely (1930) considered that 71% of 
“migraineurs” and 17% of normal individuals had a 
migrainous family background. 

Fifteen per cent of 439 patients in our series gave 
a family history of epilepsy. This is higher than the 
5:7% mentioned by Ely (1930) and the 8-8% of 
Heyck (1956) and Flatau’s figure of 7:2%, but 
lower. than the 20% of Ulrich. (The latter two 
authors are quoted from Kinnier Wilson.) Lennox 
(1946) states that about 4% of normal people have 
a known relative with seizures, and that epilepsy 
occurred in the relatives of migraineurs 3-6 times 
more often than in a control group. 

An allergic diathesis was found in the family 
history of 38% of 330 of our patients. The leading 
questions to the patient specifically mentioned 
asthma, hay fever, and hives, but allergic dermatitis 
or eczema were included if mentioned. 

Balyeat and Brittain (1930) quote a family history 
of allergy in 47 of 55 migraine patients, whereas 
Krayenbiihl and Heyck (1955) found a positive 
family history in only six out of 60 cases. 
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Past Health.—A personal history of convulsions 
in childhood or epilepsy not directly associated with 
the migraine attack occurred in 11% of 348 of our 
subjects. Lennox (1947) records that seizures occur 
in approximately 5% of all children under the age 
of 5. Considered together with the family history 
of epilepsy reported above as 15°, our figures lend 
support to the belief in an association between these 
two paroxysmal maladies. 

Thirty-five per cent. of 311 patients gave a past 
history of allergic disorders. This is higher than 
the incidence of allergic manifestations in the 
general population, which is regarded as 5-10°, 
(Schwartz, 1953), and agrees with the general belief 
in allergy as a contributing factor in the aetiology of 
migraine. Kallos and Kallos-Deffner (1955) in a 
critical paper report 28 of 185 migrainous patients 
who had associated allergic disorders where exposure 
to a specific allergen always produced a typical 
migrainous attack at the same time as asthma, hay 
fever, or angioneurotic oedema. One patient in the 
present series appeared to have migraine as a reaction 
to a specific allergen. 


Case 1.—A man of 46 with a family history of allergy 
but not migraine, and a past history of hay fever, had 
attacks of severe and persistently right-sided headaches, 
accompanied by nausea, photophobia, teichopsia, and 
scalp tenderness occurring daily each year in July from 
1938 to 1949. He then remained free from headaches 
until July, 1954, when he again had daily attacks. 

From 1949 to 1954 he lived in Perth and Adelaide in 
the city, but in 1954 he returned to the Sydney suburb 
in which he had lived before 1949, with wattle trees in 
the vicinity of his home. The incidence of his attacks 
in July coincided with wattle blossom to which he is 
intensely allergic. The migraine responded dramatically 
to ergotamine tartrate. 


The association of migraine with a history of 
cyclical vomiting in childhood is well recognized. 
Our enquiry extended beyond the strict definition of 
cyclical vomiting and of 198 cases 31% recalled 
frequently recurring bilious attacks. Of a further 
139 patients, 59% gave a history of some bilious 
attacks or severe motion sickness during their early 
years. 


31 children in whom the onset of migraine occurred 
between the ages of 1 and 4, and three of these had 
associated attacks of cyclical vomiting. Smith (1937) 
showed that of 55 children with cyclical vomiting, 
50 had a family history of migraine, and 11 later 
developed this disorder. He mentions that nine 
out of 36 adult migraineurs had recurrent vomiting 
attacks in childhood. We have not been able to find 
adequate figures for the incidence of such attacks in 
the normal population, but it is of interest that 
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Fic. 2.—Diagram showing the incidence of attacks. 


Smith (1951) asked 700 new boys at Rugby School 
about a past history of bilious attacks, and 198 (18% 
replied that they had suffered such attacks 
“occasionally, sometimes, or often”’. 


Clinical Features 


Frequency of Attacks.—The average number of 
attacks of headache per month in 487 patients is 
shown in Fig. 2. This indicates that more than one 
half of the patients experienced from one to four 
episodes each month. Averages are, however, 
difficult to compute with any degree of accuracy as 
the distribution may vary widely from year to year 
in an individual patient. It was our impression that 
emotional factors became of greater aetiological 
significance as the frequency of attacks increased. 
In the 15% of patients who reported more than 
10 attacks each month, tension headaches often 
occurred in addition to migraine and the patient 
may not always have been able to differentiate the 
two. 


Precipitating Factors.—Physiological and _ en- 
vironmental factors which the patients had recog- 
nized as triggers for their attacks are shown in 
Table II. The cause of the common association 
between migraine and the menstrua! cycle remains 


TABLE II 
FACTORS PRECIPITATING THE MIGRAINE ATTACK 











Precipitating Factor No. of Cases | % Affected 
Menses i 196 62 
Emotion 388 67 
Glare 293 } 47 
Foods 339 25 

| 





uncertain but hormonal changes, fluid balance, and 
nervous tension may all play a part. About two- 
thirds of patients were aware of the causal import- 
ance of emotional upsets. These may be of minor 
nature such as a shopping expedition among city 
crowds, or a major domestic upheaval. Patients 
described as being susceptible to glare include those 
who experienced attacks after exposure to the 
flicker of moving pictures or television. 

Fats, fried foods, chocolates, and oranges were 
most often incriminated as causal dietary factors. 
Tomatoes, pineapples, and onions were occasionally 
mentioned. Alcoholic drinks were not included in 
this part of the survey, as vasodilatation is the proba- 
ble mechanism of headache following alcohol, 
rather than idiosyncrasy to a food. 


Duration of Attacks.—It can be seen from Fig. 3 
that the headache persisted for less than a day in 
about two-thirds of patients. 
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Fic. 3.—Diagram showing the duration of the migraine attack. 
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Site of Headache.—This was recorded in all 500 
cases (Table II]). In 190 patients all attacks were 


TABLE III 
SITE OF HEADACHE 





Hemicrania only: 


Same side ach 103 
Either side... 87 190 
Holocrania only 191 
Mixed forms 113 
Migraine equivalents } 6 
Total number of cases 500 





hemicranial. In 87 of these either side of the head 
might be involved, while in the remainirg 103 
patients the pain invariably affected the same side 
of the head. This latter figure, representing 21% of 
the whole series, is of interest in view of the widely 
held belief that a hemicrania persistently confined 
to the same side may indicate an underlying intra- 
cranial lesion. Seven of these patients were sub- 
mitted to angiography but no abnormality was 
demonstrated. 

A further 113 patients had attacks of hemi- 
crania which were either followed by, or alternated 
with, generalized headaches. These will be referred 
to as “mixed forms” later in this paper. 

One hundred and ninety-one patients (38%) re- 
ported pain over the entire head in all their attacks. 
It seems appropriate to refer to these as “‘holo- 
crania’’ (Gk. holos = whole). Their inclusion in 
this series was justified by the associated clinical 
features to be discussed. Critchley and Ferguson 
(1933) estimated that possibly as many as 50% of 
migraineurs experience bilateral headache, and our 
figure of 38°% approaches this. 

Headache was not a symptom of the attack in six 
patients. Two had suffered typical migraine in 
their earlier years and recognized their remaining 
periodic complaints as part of a migraine attack. 
Their symptoms were mainly visual including forti- 
fication spectra and hemianopia. Two had transient 
paraesthesiae, and one was regarded as “retinal 
migraine’. Two case histories follow to illustrate 
these points. 


Case 2.—A case of “retinal migraine’: a flying in- 
structor, aged 33, without a family history of migraine, 
developed attacks which started with a “starry feeling” 
in front of the left eye. He then saw bright lights “‘like 
silver paper” which lasted for 30 seconds approximately. 
Vision was then partially or completely lost in the left 
eye for a period of five minutes, and the left pupil was 
dilated during this time. The amblyopia then resolved 
leaving a dull ache behind the left eye. He had suffered 
six attacks in the past eight months when first seen, and 
has had two in the 16 months since. A plain radiograph 
of the skull, an E.E.G., and a left carotid angiogram 
were normal. 
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Case 3.—A case of migraine equivalent: a university 
lecturer and statistician, aged 52, with a family history of 
convulsions, migraine, and allergy, suffered from attacks 
of classical migraine from the ages of 17 to 23. He was 
then free from all symptoms for 10 years, but at the age 
of 33 a new symptom complex appeared without head- 
aches. The attack would begin with sudden blurring 
of vision for three or four minutes followed by dis- 
tressing sensations of circles, lines, and zig-zags dancing 
in front of his eyes for some 30 minutes after which the 
attack ceased, leaving him exhausted. Frequently there 
was accompanying nausea, photophobia, and giddiness. 
All efforts at treatment with ergotamine, histamine, and 
sedatives failed. Amyl nitrite and nicotinic acid brought 
no relief but “ronicol” has recently reduced their 
frequency. 


Accompanying Symptoms.—Symptoms commonly 
associated with the attack of headache are shown in 
Table IV. While nausea was a complaint of the 





TABLE IV 
SYMPTOMS ASSOCIATED WITH MIGRAINE ATTACK 
Symptom No. of Cases % Affected 
Nausea 491 87 
Vomiting 483 56 
Photophobia 435 82 
Visual disturbances 448 41 
Paraesthesiae 395 } 33 
“Dizziness” 131 oa 72 
Vertigo 217 | 33 
Blackouts” 396 18-5 
Epilepsy 4:5 
Syncope 10-5 
Confusional state 3-5 
Scalp tenderness 317 } 65 








great majority of patients, vomiting occurred in 
little more than half. Photophobia is a common 
feature of the migraine attack yet we know very little 
about the mechanism producing this symptom. 
Persistent mild photophobia is a symptom of tension 
headache, in which the conjunctival vessels are con- 
stricted (Ostfeld, Reis, and Wolff, 1957), and acute 
photophobia is a common feature of migraine 
headache, in which these vessels are dilated. 
Eckardt, McLean, and Goodell (1943) showed that 
photophobia occurred when various irritants were 
applied within the territory of the ophthalmic 
division of the trigeminal nerve, and that this effect 
was independent of conjunctival vasodilatation. 
They concluded that photophobia was a form of 
referred pain. 

The heading “‘visual disturbances”’ includes spots, 
flashes, and circles before the eyes as well as forti- 
fication spectra and various transient defects of the 
visual field. Simple blurring of vision as the sole 
visual phenomenon is almost universal and not 
included in this analysis. 

Paraesthesiae are of course part of the phase of 
intracranial vasoconstriction and may occur on the 
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same side as the subsequent headache or be con- 
tralateral. Visual and sensory phenomena have 
been attributed in the past to vasoconstriction alone 
but the slow “‘march”’ of symptoms and their usual 
duration of 20 to 30 minutes suggests that some 
other factor of cerebral suppression may be involved 
as well. Milner (1958) points out that the condition 
of “spreading depression”’ in cerebral physiology, 
described by Ledo (1944), has similar time relations 
to these clinical symptoms. 

Some 72% of 131 patients complained of a 
sensation of dizziness, light-headedness, and un- 
steadiness, usually aggravated by stooping and 
rising, and apparently an expression of the vaso- 
motor instability which is a common characteristic 
of migraineurs. True vertigo within the definition 
of hallucination of movement was experienced by 
33% of a further 217 patients. In addition to this 
series we have seen several women who developed 
attacks characteristic of labyrinthine vertigo after 
the menopause with a history of classical migraine 
during their youth. It is possible that in these 
patients the angiospastic tendency has become 
confined to the vestibular end-arteries. 

Sixty patients of 396 had lost consciousness in 
association with attacks of headache. The descrip- 
tion of the “‘blackout”’ suggested an epileptic seizure 
in 18 of these, and a syncopal attack in the remaining 
42. A family history of epilepsy was available in 
four of 17 of the patients with epileptic attacks, 
and a past history of seizures in seven out of 13. The 
incidence of 4:-5% of epilepsy occurring in relation 
to migraine attacks further supports the thought of 
kinship between these two disorders. A further 14 
patients commented on mental confusion without 
loss of consciousness as a feature of their migraine. 
Some of these had severe impairment of mental 
faculties such as automatisms and apparently 
hysterical behaviour occurring at the height of the 
headache. 


Case 4.—A woman of 21, whose family background 
was free of headaches and epilepsy, had been subject to 
migraine from the age of 10. The attacks occurred once 
or twice a week and started with “spots in front of the 
eyes” in both halves of the visual field. Everything 
appeared “tas though seen through a sheet of rippling 
water”. Headache then started over the right eye and 
spread to become bilateral, lasting about one hour. 
When the headache was at its height she became confused 
and once walked out of the house, forgetting all about 
her children. On another occasion she was found banging 
her head on the wall repeatedly. At the age of 19 she 
Started to have grand mal fits about once every three 
months. Each attack began with a feeling as though her 
head were rotating around to the left, then she saw 
‘a wall of water” appear on the left side before losing 
ccasciousness. Physical examination and a radiograph 
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of the skull were negative, but her E.E.G. showed: brief 
paroxysms of wave and spike, at 4-5 c.p.s. 


This case is of particular interest in that a similar 
visual symptom preceded both migraine and 
epilepsy, and that the E.E.G. was indicative of 
centrencephalic discharge. 

Tenderness of the scalp during or after the head- 
ache was experienced by some two-thirds of our 
patients. This may be so severe as to prevent the 
patient from lying on the affected side, or described 
only as abnormal sensitivity when combing or 
brushing the hair. This tenderness may involve any 
part of the scalp, face, or nuchal region, and cannot 
be correlated with either trigeminal or cervical 
radicular distribution. The widespread distension 
of the extracranial blood vessels or spasm of the 
suboccipital and scalp muscles would reasonably 
explain this symptom, and the latter would account 
for its occurrence also in tension headaches. Hughes 
and Cooper (1956) drew attention to the frequency 
of tenderness over the tip of the first cervical trans- 
verse process in headaches during childhood and 
discussed possible mechanisms. 


Personality.—Our assessment of the patients’ 
personality structure (Table V) is based on simple 





TABLE V 
PERSONALITY STRUCTURE IN 500 CASES OF 
MIGRAINE 
Obsessional trends 23% 
Tenseness, hyperactivity r+ ty 
Anxiety state 13% 
“Normal” 42% 





questions about their habits, reactions to stress, and 
tendency to check simple things or to brood over 
trifles. A more thorough psychiatric evaluation 
was obtained in a few instances. 

In 23% definite obsessional trends were recorded 
in the history but this figure should probably be 
higher as specific details of the patients’ personality 
were not available in all instances. These patients 
admitted to being overconscientious, unduly tidy, 
or house proud and were in the habit of double- 
checking their actions. Another 22% were hyper- 
active individuals, with minor psychosomatic 
symptoms of nervous tension. These were restless 
people, unable to relax, but without more definite 
manifestations of an anxiety reaction. A further 
13% had overt symptoms of an anxiety state in- 
cluding digital tremors, nervous dyspepsia, insomnia, 
and a tendency to overbreathe, in addition to head- 
ache. Some patients in this and the preceding group 
had tension headaches as well as periodic migrainous 
episodes. A feeling of depression is not unusual 
after the migraine attack and 19 of the patients with 
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anxiety states confessed to more prolonged episodes 
of depression unconnected with the headache. It 
must be stressed that the first two groups of people 
with obsessional or overactive temperaments refer 
only to a personality type without implying an 
emotional disorder. If a more detailed analysis had 
been possible, it is likely that some of the 42°% of 
our series classified as ‘normal’? would have fallen 
into either obsessional or hyperactive groups. 


Physical Signs.—A complete neurological ex- 
amination was carried out on each patient. In a 
few cases alteration in muscle tone, and asymmetry 
of reflexes were found. If these persisted on re- 
peated examination, further neuroradiological in- 
vestigations were undertaken to exclude an organic 
lesion. 

In 10 cases an intracranial bruit was audible on 
auscultation over the orbits. Two of these were 
children under the age of 10 years in whom this sign 
is not usually of significance. In four adult patients 
the bruit was heard over both eyes, and in the re- 
maining four it was unilateral. Carotid angiograms 
were performed in three of the latter and all were 
normal. 

It is generally agreed that moderate hypertension 
alone does not cause headache though it may aggra- 
vate a previous disposition to migraine. It is worthy 
of note that the blood pressure on routine examina- 
tion exceeded 150 mm. Hg systolic and 100 mm. 
Hg diastolic in only 13°% of our 500 cases. 


Radiological Findings.—A plain radiograph of the 
skull was taken in 453 of the 500 cases. Hyper- 
ostosis frontalis interna was found in 17 cases and 
hyperostosis calvaria diffusa in five. Localized areas 
of translucency, possibly epidermoids, occurred in 
three, sinus infection in two, osteoma of a frontal 
sinus in two, old fractures in two, and metallic 
foreign bodies resulting from an old shrapnel war 
wound were found in one patient. In only four 
cases were the appearances suggestive of an intra- 
cranial lesion. In one patient with left-sided head- 
aches and a flattened left clinoid process, an angio- 
gram was normal. Another patient, with a per- 
sistent right-sided headache and a bruit audible over 
the right eye, showed some sclerosis around the 
right optic foramen and again the carotid angiogram 
was normal. One patient had calcification in the 
right parieto-occipital region with a normal E.E.G. 
and normal carotid angiogram. In another patient 
calcification was noted in the suprapituitary region, 
but as there was no defect in the visual fields, no 
further examination was carried out. 

Seventeen patients in all had carotid angiograms 
performed, three because of a persistent E.E.G. 
focus, three with a suspicious plain radiograph, two 
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with ophthalmic migraine, two for hemiparesis 
accompanying attacks, one for partial Jacksonian 
fits not always related to headache, and one solely 
for unilateral bruit. The remaining five had per- 
sistent severe unilateral headaches. All these carotid 
angiograms were normal. 

The relationship of migrainous headaches to intra- 
cranial angiomas is still in doubt, and this relation- 
ship has only been found in one of our patients, who 
is not included in this series. 


Case 5.—A man of 34 years with a negative family 
history of migraine, suffered a subarachnoid haemorrhage 
at the age of 24 years. Carotid angiography showed a 
right parieto-occipital angioma for which he refused 
surgery. He remained free of symptoms for two years 
after the intracranial haemorrhage and then developed 
periodic attacks of photopsia in the form of coloured 
balls and stars followed by transient left hemianopia and 
a severe generalizzd headache accompanied by nausea 
which was always relieved by dihydroergotamine taken 
by mouth. 


E.E.G. Findings.—To the best of our knowledge 
there have been only few reported observations on 
the electroencephalogram in adequate numbers of 
migraine patients. Dow and Whitty (1947) found 
30 abnormal records in 51 patients. Twenty-six of 
these had diffuse or paroxysmal slow wave changes, 
and in four focal abnormalities were recorded. Air 
studies in three of the latter patients showed a 
normal ventricular system. 

Ulett, Evans, and O’Leary (1952) described the 
findings in 1,000 patients with the chief complaint 
of headache. They do not pay specific attention to 
migraine and their criteria of an abnormal record 
include fast activity occurring during 40°% of the 
record, as well as slow activity of less than 7 c.p.s. 
exceeding 50 microvolts, and paroxysmal records. 
Of their 1,000 cases, 15-8°% were considered to have 
abnormal records. Three hundred and ten of their 
patients had hemicrania and in 13-2°% of these the 
E.E.G. was abnormal. If vomiting accompanied 
the headache, the proportion of abnormal records 
increased to 18%, and a similar percentage was 
found in patients with a family history of headache 
or epilepsy. 

Heyck (1956) reported 80 E.E.G.s in 62 migraine 
sufferers. Twelve of these patients showed hyper- 
synchrony, and a further 13 non-specific diffuse slow 
wave dysrhythmias. Five patients showed focal 
abnormalities between attacks and all these had 
focal symptoms accompanying the attacks. Dis- 
regarding the hypersynchronies, 29-1 °% of his series 
had abnormal records. He adds a further series of 
200 patients with extracranial vascular headaches 
of whom 12:5% had diffuse slow wave changes and 
6% focal abnormalities. 
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| our patients (Table VI). 
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Electroencephalograms were recorded in 459 of 
No specific attention was 


TABLE VI 
E.E.G. RECORDS IN 459 CASES OF MIGRAINE 





Normal records 537% | Within normal limits 
Excessive fast activity 165% | 2° 

as mee a . —— | ___—_—_—_—_—— 
Excessive slow activity — 26:2% - 
Asymmetrical slow activity a2% Abnorma | records 
Wave and spike paroxysms 04% | 7@ 





paid to hypersynchrony nor rigid criteria laid down 
for abnormal tracings. The 4-7 c.p.s. activity, per- 
sistent or occurring in runs, was regarded as being 
beyond the range of normal in 122 (26%). Fifteen 
cases (3%) showed lateralizing abnormalities, 
usually in one temporal region. Carotid angio- 
grams on three of these patients were normal. Wave 
and spike paroxysms were found in two cases. In 
one of these the frequency was 4-5 c.p.s. and this 
patient, who suffered also from epilepsy, is reported 
in detail above (Case 4). In the other case, the 
frequency was 3 c.p.s., yet the patient had neither a 
personal nor family history of epilepsy. 

In 77 patients (16-5%) fast activity in the beta 
range was considered to be more prominent than 
usual. If these are included among normal records, 
139 of our 459 patients or approximately 30% had 
abnormal tracings. This figure agrees fairly closely 
with Heyck. 

In 74 patients who experienced impairment of 
consciousness with their headaches, the E.E.G. was 
abnormal in 40%. Only 18 of these had definite 
epileptic seizures as a part of the attack, and of 
these seven had abnormal interictal tracings. 

From generally accepted criteria, less than 15% 
of the healthy adult population have dysrhythmic 
E.E.G. records. The incidence of 30°% abnormalities 
in this and previous series would therefore be 
significant. 

Ulett et al. (1952) commented that the percentage 
of disordered tracings in their 1,000 patients com- 
plaining of headache differed for the sexes, being 
9-7°% for males and 20:5°% for females. We 
reviewed our series and found that 26% of males 
and 32% of females were considered to have 
abnormal records. Some degree of slow activity is 
physiological in children of 12 years and under, and 
criteria of abnormality are more difficult to establish 
than in the adult patient. We therefore studied our 
series again after the elimination of this young age 
group and found that 27 out of 149 males (18 %) and 
78 of 260 females (30%) were reported as having 
abnormal E.E.G.s. Thus if only patients of 13 years 
and over are considered, 105 out of 409 or 26% had 
abnormal records. 
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Response to Treatment 


Ergotamine.—Ergotamine tartrate, either alone or 
in combination with caffeine, is universally accepted 
as the most effective drug in the treatment of vascular 
headaches. In our series 47% of 263 patients stated 
that their headache was rapidly abolished by the 
early administration of one of these preparations 
sublingually, orally, or by injection. A further 34% 
obtained partial relief, indicating that only some of 
their attacks were aborted or that headache of 
diminished severity continued. Nineteen per cent. 
considered that these drugs failed to alleviate their 
pain. These figures compare reasonably with a 
table of results in 1,070 cases reported from 21 ob- 
servers by Vallery-Radot (1955). Of this combined 
series, 66:2°% obtained excellent relief and a further 
16:9°%% responded partially, while the remaining 
16:9% derived no benefit. Various other figures 
quoted by the same author indicated an overall 
efficacy of ergotamine compounds in 80%. 

Considering the reluctance of some patients to 
take the drug during the early phase of the attack, 
the delay when injections have to be given, the 
emotional circumstances surrounding some attacks, 
the patients’ fear of nausea and other side- 
effects, and the development of drug resistance, an 
accurate statistical evaluation of the results of 
treatment is extremely difficult. 


Histamine.—Intravenous histamine was given to 
76 patients in three infusions at weekly intervals. 
Histamine acid phosphate was diluted in 250 ml. 
of normal saline in a dose of 1 mg. for the first, 
1-5 mg. for the second, and 2 mg. for the third 
infusion. Each was given as a slow drip over a 
period of two hours. 

The patient’s response was considered as excellent 
if he remained free of attacks for a period of eight 
months or more, and 16 (21%) came into this 
category. A good response implies a reduction in 
frequency of attacks to less than half the previous 
number; 32 patients (42°) reported such a result. 
Another 13 patients (17°%) considered that the 
severity of their attacks had diminished but our 
records showed that their frequency remained un- 
altered. These were regarded as poor results. 
Twenty-one patients stated that the treatment had 
no effect, and two claimed to be worse after it. In 
summary, the treatment was corsidered to be of 
value in 63°. 

Patients selected for histamine therapy had either 
a strong personal history of allergic disorders, or 
had proved resistant to other forms of treatment. 

On analysis the response to treatment showed no 
correlation with a positive personal or family history 
of allergic disorder. In the absence of valid controls 
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it is impossible to say whether this treatment affects 
the psyche or the soma but we have noted with 
interest that the majority of patients who failed to 
respond had previously been considered as having a 
personality disorder. 











TABLE VII 
RESPONSE TO TREATMENT 
Number | Result 
Treatment of i— {—_—____—— 
Cases Excellent Good | No Relief 
Ergotamine 263 ae aa “34% | 19% 
Histamine 76 | 2% | S82 at % 








Definition of the Migraine Syndrome 


We have stated earlier that not all the patients in 
this series would fall within the narrow concept of a 
paroxysmal disturbance of cerebral function asso- 
ciated with unilateral headache and vomiting. We 
have therefore studied separately the clinical features 
of patients whose headache is habitually hemicrania 
or holocrania. Mixed forms are included with the 
hemicranial group as these headaches are unilateral 
for a considerable part of the attack. Each group 
has been further divided by distinguishing those 
complaining of focal cerebral symptoms associated 
with the headache. The case histories of 290 patients 
were analysed for this purpose, of which 101 
experienced such focal phenomena. 

Classical symptoms of major visual disturbance 
(teichopsia, hemianopia, or scotomata), par- 
aesthesiae, or aphasia occurred in 59 of these patients, 
preceding the headache in 37 and appearing at the 
height of the headache in 22. Minor visual dis- 
orders such as spots, circles, and flashes in front of 
the eyes were noticed before the headache in 12, and 
concurrently with the headache in 30. Generalized 
blurring of vision was not considered to be specific 
and a patient was not included in the “‘focal’’ group 
on this ground alone. 

All figures presented in Tables VIII-X are based 
on definite statements in the case history as were the 
comparable tables concerning the whole series. 

Table VIII compares the aetiological factors in 
the various groups. It will be seen that neither the 
family history nor the past health of these patients 
bears any relation to the situation of the headache 
or to the occurrence of focal cerebral disturbances. 

In the analysis of precipitating circumstances 
(Table IX), the higher incidence of menstrual asso- 
ciation and of food idiosyncrasy in patients with 
hemicrania is worthy of note. 

The symptoms accompanying the headache 
(Table X) occur with a remarkably similar frequency 
in all groups. Even visual disturbances and par- 
aesthesiae, often considered as cardinal features of 


TABLE VIII 


COMPARISON OF AETIOLOGICAL FACTORS IN RELATION 
TO SITE OF HEADACHE AND ASSOCIATED SYMPTOMS 

















| Hemicrania Holocrania 
, | Focal | Non- focal [ ‘Focal Non- focal 
Number of cases | 54 | Ty | 47 | ——-. 
Ratio wranetr accent | 1s | 20 | 82 | 1-0 
Family Migraine | as | 53% som ¥ S23, 
History Epilepsy | 2% 14% a 13° 
Allergy 30% as 20% 31 
Past | Epilepsy | 22% 5% i 13% i 1$% 
History | Allergy | 18% 37% 28% 26° 
Recurrent | 
vomiting 
attacks 34% 34% . > an ep} 4 
TABLE IX 
COMPARISON OF PRECIPITATING FACTORS 
Precipitating | Hemicrania Holocrania 
Factors Focal [N Non- focal | Focal | Non-focal 
Emotion | 72% | 63% | 69% | 56% 
Glare 37 % 34% | 40% | 37% 
Food 43% iss a. | 12% 
Menses 7% 76% |} 49% 45% 
TABLE X 


COMPARISON OF ASSOCIATED SYMPTOMS 





Hemicrania Holocrania 





Associated Symptoms 











Focal Non-focal Focal | Non-focal 
Nausea 87 ~ 92% 86% | 90% 
Vomiting | 67% } 69% 62% | 54% 
Photophobia yp ll Be "4 we | By, 
Visual disturbances | Ww 0 16% | 0 
Paraesthesiae | 53% 0 58% 0 
Vertigo | 22% | 28% 43% 30%, 
Blackouts 24% 10% 30% 10% 
Scalp tenderness Ff yp A 60% 61% 46%, 
migraine, occur with generalized headaches as 


frequently as with hemicrania. Vertigo and im- 
pairment of consciousness are rather more frequent 
in those patients subject to focal cerebral disturb- 
ances, suggesting that a common mechanism may 
produce these symptoms, whether it be intracranial 
vasoconstriction or spreading cerebral depression. 

Personality disorder had the same distribution in 
each subgroup as that shown for the whole series 
in Table V. 

No significant difference could be found in the 
percentage of E.E.G. abnormality in the various 
groups. 

The response to ergotamine compounds is shown 
in Table XI and is comparable for each division. 
The effect of histamine treatment was similar to that 
presented for the entire series but the numbers 
involved were too small to draw any definite 
conclusion. 

The similarity of the clinical picture in the various 
groups indicates that there is no justification for 
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TABLE XI 
COMPARISON OF RESPONSE TO ERGOTAMINE 











Response to Ergotamine a Hemicrania . epeeapas 

in 168 Cases Focal | Non-focal| Focal | Non-focal 
Excellent 54% 62% 50% 60% 
Good a2 te 23% 25% 24% 
No relief 237 1s% 25% 16% 











—— 


regarding “classical migraine” as an entity distinct 
from other forms of extracranial vascular headache. 


' Differences in clinical presentation depend essenti- 
_ ally on the degree of participation by the intracranial 
’ vesseis. 


Discussion 
Since Liveing’s monograph of 1873 there have 
been many contributions to the literature on 


| migraine, often expressing personal opinion without 
- statistical confirmation. 


Strong views favouring an 
allergic, a vascular, or a psychiatric aetiology have 


_ been expressed, usually depending on the particular 


interests of the author. As a result the widespread 
disturbance of physiological function in the migraine 
attack is usually neglected. The present paper was 
designed to assess some of the various aetiological 
and clinical features in a reasonably large number 
of patients. 

From our results we reaffirm the generally held 
opinion that there is no single cause for vascular 
headache but that heredity and personality structure 
provide the common background with an allergic 
diathesis contributing in about one-third of cases. 
The association with epilepsy and abnormal electro- 


i encephalographic tracings indicates that cerebral 


dysrhythmia must be considered as one causative 
mechanism. General instability of the autonomic 
nervous system manifests itself from infancy in 
attacks of cyclical vomiting, proneness to travel 
sickness and fainting, and participates extensively 
in the actual migraine attack. The constriction of 
intracranial vessels and dilatation of extracranial 
vessels may be only facets of disturbed vasomotor 
control and we feel that this extends beyond the 
cranial circulation and involves the peripheral 
vasculature. 

Changes in fluid balance must also be considered 
in any discussion on mechanisms underiying the 
migraine attack. Oliguria, which often precedes 
and accompanies the attack, and polyuria, which 
occurs as the attack subsides, are familiar features. 
Wolff (1955) records that 63 out of 134 patients gave 
such a history, and that in 31 out of 51 cases fluid 
retention was shown by weight measurement. 
However, headaches still occurred when fluid 
retention was prevented, and were not precipitated 
when fluid retention was induced artificially by 
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injections of pitressin. They concluded that fluid 
retention and headache are concomitant phenomena 
which are not causally related. This does not exclude 
the possibility that these changes in fluid balancearean 
index of hypothalamic dysfunction which may have 
a part to play in the migraine attack in other ways. 

The evidence so far available indicates that the 
migraine syndrome is basically a disturbance of 
autonomic regulation with the main impact on 
intracranial and extracranial arteries. The effect of 
psychological factors in triggering attacks is not 
surprising in view of the importance of the auto- 
nomic nervous system as the somatic mediator of 
the emotional state. 

It remains a mystery why single intracranial 
vessels should be selectively involved, producing a 
recurrent pattern of cerebral disturbance which may 
be constant for a particular patient. 

It is similarly of interest that in some patients the 
branches of the external carotid artery are not 
involved symmetrically, but that one side or even a 
single vessel may be exclusively affected. In this 
connexion the development of migrainous headache 
after traumatic contusion of an extracranial vessel, 
sometimes underlying a scalp laceration, may be 
relevant. As this occurs in a patient who has never 
before experienced headache, one might suspect that 
the periarterial sympathetic plexus has been damaged 
rendering the vessel more susceptible to painful 
dilatation. If such a contused vessel is surgically 
ligated the chances of curing the headache should be 
much better than in primary migraine, where ex- 
perience has shown that headache frequently recurs 
in some other place after ligation of one extracranial 
vessel. 

The migraine syndrome provides an interesting 
study for the clinician because of the diversity and 
severity of its symptoms. With further basic 
research, the time should be close when the many 
fragments of knowledge may be joined together into 
a single concept. 


Summary 


The aetiological factors, clinical features, and 
response to treatment are presented in a series of 
500 patients suffering from extracranial vascular 
headache. 

It is shown that there is no significant difference 
in the associated clinical phenomena whether the 
headache is hemicranial or of generalized dis- 
tribution. 

Impairment of consciousness was more common 
in patients in whom attacks were accompanied by 
other symptoms of cerebral dysfunction. 

The E.E.G. findings in 459 patients are mentioned, 
and it is shown that approximately 30°% of patients 
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had abnormal records, irrespective of the association 
of focal cerebral disturbances with the headache. 
If only patients of 13 years and over were considered 
26% were found to have abnormal records, the per- 
centage being higher for female than for male patients. 

Radiographs of the skull were available in 453 
cases, and angiograms were performed on 17 
patients in whom there was clinical suspicion of 
focal intracranial disease. 

The pathogenesis of the migraine syndrome is 
discussed in terms of periodic autonomic instability 
and the selective susceptibility of individual cranial 
arteries. 


We are indebted to Dr. L. R. Rail who reported on 
the electroencephalograms, and to our colleagues on the 
staff of the Northcott Neurological Centre who have 
permitted us to include some of their patients. 
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NEUROLOGICAL, ELECTROENCEPHALOGRAPHIC, AND 
EREDO-FAMILIAL ASPECTS OF PSEUDOHYPOPARATHYROIDISM 
AND PSEUDO-PSEUDOHYPOPARATHYROIDISM* 


BY 


L. G. DICKSON, Y. MORITA, E. J. COWSERT, J. GRAVES, and J. S. MEYER 


From the Departments of Neurology and Medicine, Detroit Receiving Hospital, and the Department of 
Neurology, Wayne State University College of Medicine. 


The Neurology and Medical Departments of the 
Detroit Receiving Hospital have recently made 
linical and electroencephalographic (E.E.G.) studies 
f two patients in a family in which several members 
ppear to have either pseudohypoparathyroidism 
of pseudo-pseudohypoparathyroidism. The findings 
vere Of sufficient interest to prompt us to review 
this subject and to present our findings since the 
neurological, electroencephalographic, and _here- 
itary features of these rare conditions have not 
been reported in detail (Sugar, 1953; Frame and 
farter, 1955), and the family history suggests that 
pseudo-pseudohypoparathyroidism may represent a 
orme fruste of pseudohypoparathyroidism. 

It is well known that disordered calcium and 
phosphorus metabolism may result in neurological 
nd E.E.G. abnormality and only a brief summary 
f the physiology of the parathyroid glands together 
vith a description of pseudohypoparathyroidism 
nd pseudo-pseudohypoparathyroidism will be given. 
The function of the parathyroid glands is to 
egulate calcium, phosphorus, and bone metabolism 


fiirough the action of their hormone on the renal 





tubule and bone. Parathyroid hormone decreases 
ubular phosphorus reabsorption, increases urinary 
hosphorus, and thus decreases serum phosphorus. 
As a result, there are increased levels of calcium in 
the serum and urine. Such changes are due, not only 
to the action of parathyroid hormone on the renal 
tubules alone, but also to a direct action of the 
hormone on the matrix of bone facilitating the 
mobilization of calcium and phosphorus (Carnes, 
1950; Stewart and Bowen, 1951; Milne, 1951). 
Pseudohypoparathyroidism was first described by 
Albright, Burnett, Smith, and Parson (1942). In 
this condition; there is hyperphosphataemia and 
hypocalcaemia similar to true hypoparathyroidism; 





*This work was supported by U.S.P.H.S. Research Grant 
* B-1645, 1958-1959 and by a grant from the Michigan Epilepsy 
enier. 
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however, parathyroid biopsy reveals normal or 
hyperplastic glands and administration of para- 
thyroid hormone does not cause significant phos- 
phaturia or increase in serum calcium. This is the 
test described by Ellsworth and Howard in 1934. 
In this disease, neutralizing antibodies to para- 
thyroid hormone have not been found in the 
patients’ sera, with the single exception of the case 
reported by Harell-Steinberg, Ziprkowski, Haim, 
Gafni, and Levin (1957) which presented as 
hypoparathyroidism. 

Decreased serum calcium in pseudohypopara- 
thyroidism results in excessive neuromuscular 
irritability by facilitating the transmission of im- 
pulses across the myoneural junction. In addition, 
there is increased neuronal excitability resulting in 
seizures and abnormalities of the E.E.G. In several, 
the reported E.E.G. abnormalities consist of paucity 
of alpha rhythm, increased fast activity, sporadic 
spike activity, and slow waves (6-7 per second) with 
frontal preponderance (Frame and Carter, 1955; 
Sugar, 1953). 

About two-thirds of patients with pseudohypo- 
parathyroidism present with complaints of tetany. 
Usually there is carpopedal spasm with flexion of 
stiff, rigid fingers at the metacarpal-phalangeal joints, 
a stiff cupped palm, flexion of the wrist, and ex- 
tension of the hip and knee joints. In addition, there 
may be tonic and clonic convulsions, laryngeal 
stridor (which may be fatal), paresthesiae, muscle 
cramps, and weakness. The pharyngeal weakness 
may result in dysphagia and dysarthria. Spasm of 
smooth muscle occurs throughout the body resulting 
in mydriasis, abdominal cramps, urinary frequency, 
tenesmus, and generalized arterial and arteriolar 
constriction. Fatigue, muscle weakness, palpita- 
tion, and tingling of the extremities are frequent 
complaints. Hypocalcaemia is occasionally asso- 
ciated with cardiac irregularities and prolongation 
of the QT segment of the electrocardiogram. It is 



























estimated that about 50% of cases of pseudohypo- 
parathyroidism have epileptic seizures. 

The commonly accepted cardinal signs are due to 
increased myoneural irritability and consist of con- 
traction of the facial muscles when the facial nerve 
is tapped over its course across the parotid gland 
in front of the masseter muscle (Chvostek’s sign) 
and dorsal flexion and abduction of the foot when 
the peroneal nerve is tapped as it crosses the fibula 
(peroneal sign). In addition, the metacarpal- 
phalangeal joints are flexed tetanically when a blood 
pressure cuff is inflated until it occludes the venous 
return from the forearm (Trousseau’s sign). Hyper- 
ventilation during occlusion of the venous circula- 
tion to the arm accentuates the muscle spasm (von 
Bonsdorff’s phenomenon). 

The seizures that occur in pseudohypoparathyroid- 
ism due to hypocalcaemia are usually generalized 
but brief lapses of consciousness similar to petit mal 
epilepsy also occur. There is some evidence that 
seizures in patients suffering from coexistent focal 
epilepsy are increased by hypocalcaemia. Papillo- 
edema is occasionally seen. The increased intra- 
cranial pressure in hypocalcaemia is believed to be 
due to a direct metabolic effect of hypocalcaemia 
(Sugar, 1953; Robinson, Kallberg, and Crowley, 
1954). 

In addition to the changes due to hypocalcaemia, 
there is a characteristic habitus in pseudohypo- 
parathyroidism. This consists of short stature, 
stocky body build, round face, and shortening of the 
metacarpal and metatarsal bones due to early 
epiphyseal closure. The last abnormality of the 
bones of the hand results in a dimple, instead of a 
knuckle, at the base of the affected finger when the 
hand is clenched. Occasionally, subcutaneous 
ossification also occurs. 

Pseudo-pseudohypoparathyroidism was described 
by Albright, Forbes, and Henneman (1952) and 
several subsequent cases have been reported. In this 
condition, the patient has the same habitus that is 
present in pseudohypoparathyroidism but the serum 
calcium and phosphorus levels are normal and 
tetany is absent. As far as we are aware, evidence 
has not been previously presented that this is 
probably a forme fruste of pseudohypoparathy- 
roidism. 

The classical E.E.G., clinical, radiological, and 
biochemical features that characterize these con- 
ditions are summarized in Table I. 


Clinical Observations 

Two patients will be presented: one suffers from 
pseudohypoparathyroidism, the other from pseudo- 
pseudohypoparathyroidism. These two patients are 
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TABLE | 
CLINICAL FEATURES 
| 





—_—_— 


Pseudo- Pseudo-pseudo. 


| Hypopara- 


lh ; 
Her ypopara- hypopara- 
yrenem thyroidism thyroidism 
Mental deficiency Common | Common Common 
Tetany Common | Common | Absent 
Seizures | 40-50% 40-50% Absent 
Intracranial calcification Common | Common Occasional 
Subcutaneous calcification) Absent Common Rare 
Hand deformities Absent Common Common 
Serum calcium Low Low Normal 
Seruni phosphorus Normal- | Normal Normal 
high high 
Urinary calcium | Normal- Normal Normal 
} low low 
Urinary phosphorus | Low Low | Normal 
Cataracts | Common | Common _ | Rare 





of unusual interest since they are members of the 
same family. 


Case 1, Pseudohypoparathyroidism.—This is a 39-year- 


old white man who was admitted because of convulsions f 


on January 16, 1957. He had had seizures and had been 
mentally retarded since childhood and had been sup- 
ported at home by his family. He occupied his time by 
listening to the radio, conversing with the family, and 
helping with the housework. There would be periods 
lasting for trom several weeks to several months during 
which he would have few or no seizures; but, for several 
months before admission, the generalized seizures had 
been occurring more frequently. These “‘seizures’’ were 
described as both tetanic muscular contractions and 
generalized epileptic seizures. His vision had been poor 
since childhood, but he had been blind for approximately 
two years. 

The family history is reviewed in Fig. | and it will be 
noted that his mother (Case 2) is known to have pseudo- 
pseudohypoparathyroidism and we believe it probable 
that several other members of the family have pseudo- 
hypoparathyroidism or pseudo-pseudohypoparathy- 
roidism. 

On physical examination, the blood pressure was 
120/90 mm. Hg, pulse 92 per minute, and respirations 
were totally irregular. He was comatose except for brief 
episodes of grimacing at intervals of two to 10 minutes 
followed by carpal spasm, flexion of the lower ex- 
tremities, and tetanic laryngeal spasm and apnoea which 
would be followed by five or six deep breaths and relaxa- 
tion of the whole body. In addition, generalized seizures 
occurred. There were many recent and partly healed 
skin abrasions over the whole body and a flat, 10 « 7cm., 
stony hard plaque in the subcutaneous tissue just inferior 
to the right scapula; this was freely moveable and was 
not tender. Both ears were unusually hard on palpation. 
Chvostek’s sign was present. Bilateral mature cataracts 
were present and the patient was blind except for per- 
ception of light (Fig. 2A). The teeth were carious and 
widely separated and the dental enamel showed multiple 
ridges. Pyorrhoea was present. No knuckles were 
present at the fourth and fifth metacarpal-phalangeal 
joints on making a fist with either hand. The fourth and 
fifth fingers were also shortened (Fig. 2B). On both feet 
the second toe was longest with especially short third and 
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Fic. 1. 


Sibship I, 1: This man was born in 1856 of Scottish and Irish 
parents who were reported to have been normal. He was very 
short and stocky but did not have poor vision. His hands were 
not abnormal. He did not have seizures. He died aged 70; the 
cause of death is unknown. 


Sibship I, 2: This woman was born in 1858 of French parents 
and was normal and not related to her husband. An automobile 
struck and killed her at age 82. 


Sibship II, 2: This woman had proven pseudo-pseudohypo- 
parathyroidism and is reported as Case 2. 


Sibship II, 4: This woman is short, stocky, and 79 years of 
age. She was able to complete only the fourth grade at school 
and her hands are reported to be small and broad with two or 
three short fingers. She has never had seizures or poor vision 
suggesting cataracts. She is a recluse, does not communicate 


The remainder of the family, as shown above, is reported to be normal. 


-Family tree of the two cases described. 


with the rest of her family and declined to be examined for this 
study. 


She never married. 
Sibship II, 5: This man was born in 1883 and is described as 


having been 4 ft. 9-11 in. tall and of stocky body build. His 


hands were normal and he did not have poor vision or con- 
vulsions. He died at age 55 reportedly due to a gastric uicer. 
Sibship III, 4: This man was born in 1912 and is very short 
but is also thin and otherwise normal. 
Sibship III], 6: This person died aged 7 from a proven 


case of meningitis. His development appeared normal and he 


was doing well at school. 

Sibship III, 7: This girl died at age 18 months from con- 
vulsions. Nothing else is known about her except that she was 
very obese. She did not die at the same time as III, 6 did. 

Sibship III, 8: This man has pseudohypoparathyroidism and 
is reported as Case 1. 


We are greatly indebted to Dr. James V. Neal 


and Mrs. Ruth T. Davidson of the Department of Human Genetics of the University of Michigan for this pedigree. 


fourth togs. There was bilateral pes cavus. Total height 
was 149 cm.; vertex-symphysis height was 73 cm., and 
symphysis-floor was 76 cm. Genitalia were normal 
except that the right testicle was soft and smaller than the 
left. The remainder of the medical examination was 
normal. 

Laboratory studies on admission showed the haemo- 


_ globin to be 11:0 g. with a normal total and dif- 


ferential white blood cell count. The fasting blood 
Sugar was 76 mg. %, blood urea nitrogen 15 mg. %, serum 
Protein 7-1 g.% (43 g.% and 2:8 g.% globulin). The 
Serum calcium was 4:2 mg.% (normal 9-0-11-0), phos- 
Phorus 7-6 mg.% (normal 3:-2-4-3), and alkaline 


i phosphatase was 4:5 Bodansky units (normal). 


_Administration of parathyroid extract produced no 
phosphaturia, elevation of the serum calcium, or reduc- 
tion ‘of the serum phosphorus levels. 

Radiographs of both hands showed shortening of the 
fourth rnetacarpal (Fig. 2C). Radiographs of the skull 
showed a normal mineral content of the cranial vault, 
but there was irregular bilateral calcification of the basal 
ganglia. The vertebral column showed slight de- 
mineralization with minor concave deformities of the 
vertebral bodies and slight scoliosis to the right at the 
level of the fourth thoracic vertebra. There was slight 
irregularity of the fourth, fifth, and sixth ribs posteriorly 
on the right. The pleura was calcified. There was a 
large calcified plaque lying in the soft tissues of the right 
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Fic. 2.—Case 1: A, Characteristic facies; 
C, radiograph of right hand showing shortened fourth metacarpal. 


posterior chest wall. Slight demineralization of the 
lumbar spine and pelvis was present and the iliac wings 
were noted to be small compared with the rest of the 
pelvis. Myositis ossificans was present in the area of the 
left hip joint. Both mandibles were almost edentulous; 
the remaining teeth were hypoplastic with shortened 
roots. Intravenous pyelography was normal. The 
E.E.G. is illustrated in Fig. 3. It was diffusely abnormal 
with a predominant rhythm of low-voltage fast activity 
with long runs of bilaterally symmetrical 5-6 per second 
theta activity. During the 50-minute test, there were 
nine bursts consisting of multiple spikes occurring at a 
frequency of four to five per second and of multifocal 
or diffuse origin. 

He was treated with a low phosphorus diet, probenecid, 
and large doses of vitamin D and dihydrotachysterol 
(AT-10) without change in his blood chemistry. The 
addition of aluminium hydroxide gel reduced the urinary 
phosphorus but the serum levels remained unchanged. 
In spite of this therapy, he had continued episodes of 
tetany followed by generalized seizures. The seizures and 
tetany responded well to intravenous administration of 
calcium gluconate. Both cataracts were removed. The 


B, hands showing shortened knuckle at fourth metacarpalphalangeal joint; 


mass below the right scapula was removed and proved 
to be a calcific plaque of fibrous tissue with ectopic bone 
formation. A renal biopsy was normal. 


Case 2, Pseudo-pseudohypoparathyroidism.—A /79- 
year-old housewife, the mother of Case 1, was brought 
to Detroit Receiving Hospital in heart failure. She had 
suffered from exertional paroxysmal nocturnal dyspnoea, 
orthopnoea, and pedal oedema for six weeks before 
admission. Her first episode of heart failure had occurred 
in 1952 when it had been compensated with digitalis 
which she had taken until she discontinued her medication 
several months before admission. 

She had always been short of stature and had been 
mentally retarded since birth. She had noticed failing 
vision for 10 years but, with her glasses, was able to read 
a newspaper. 

Her family history is of unusual interest and is illus- 
trated in Fig. 1. It will be noted from the pedigree that 
her son is Case 1. 

The physical examination disclosed a blood pressure 
of 118/70 mm. Hg., a pulse of 100 per minute which was 
irregular. She had bilateral lenticular opacities. The 
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Fic. 3.—(A), (B), and (C) are samples of the E.E.G. record from Case 1 during minor seizures simulating petit mal. 
A, Atypical spike-wave complexes in occipital leads; B, diffuse high voltage slowing in bursts with atypical occipital spike-wave 
complexes; C, occipital bursts of spike activity and diffuse slow waves in bursts. 


right submaxillary salivary gland was enlarged and firm. 
No knuckles were noted at the third, fourth, and fifth 


_ metacarpalphalangeal joints when she made a fist with 


i 








either hand. Bilateral fine basilar rales were heard on 
auscultation. The heart was enlarged to the left and the 
rhythm was totally irregular but no murmurs were 
heard. There was pitting oedema with stasis dermatitis 
and cellulitis of both lower extremities. The rest of the 


_ physical examination was normal. 


The venous pressure was 295 mm.H,0 increasing to 


_ 360 mm. on compression of the right upper quadrant. 


The arm-to-tongue circulation time was 18 seconds. 
Her height was 145 cm. 

The hemoglobin was 10-2 g.%, total white blood cell 
4 


count was 6,500 per c. mm. with a normal differential 
count. The urine analysis was normal and the blood 
urea nitrogen was 36 mg.%. The serum protein was 
7:5% (4:8 g. albumin and 2:7 gr. globulin). The serum 
calcium was 10 mg.%, serum phosphorus 2:7 mg. %, 
and alkaline phosphatase 4:7 Bodansky units. 

Radiological examination of the hands and feet 
showed shortening of the metacarpals and metatarsals 
(Fig. 4). The ears showed soft tissue calcification. 
There was generalized bony demineralization and 
osteoarthritis of the spine. 

The E.E.G. showed well-modulated alpha and beta 
activity with no localized abnormality. There were 
frequent bursts of bilateral slowing in the theta and delta 
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range with bifrontal preponderance. 
changes were produced by hyperventilation. 

Treatment with digitalis was reinstituted and the signs 
of cardiac failure subsided and, after 30 days, she was 
discharged. 


No significant 


Treatment 

The treatment of pseudohypoparathyroidism is 
essentially the same as for true hypoparathyroidism, 
except that parathyroid hormone is not of benefit. 
The aim of treatment is correction of the abnormal 
levels of serum calcium and phosphorus. When 
seizures and tetany are present, this should be 
accomplished rapidly and may be done by the intra- 
venous infusion of calcium gluconate or calcium 
chloride supplemented by AT-10 for the first few 
days of therapy. 

For long-term therapy, a low-phosphorus diet 
may be of value, although, in the case reported above, 
serum phosphorus was not lowered by such a 
regimen. Since the restriction of phosphorus-con- 
taining foods makes the diet somewhat unpalatable, 
the alternative of using aluminium hydroxide gel is 
suggested. By giving 15 to 30 ml. of this compound 
with each meal, it is possible to reduce the urinary 
phosphorus output to a few hundred milligrams per 
day. Some cases of pseudohypoparathyroidism 
have been reported to show restoration of serum 
calcium and phosphorus levels toward normal with 
AT-10 or vitamin D together with an increased 
intake of calcium, although in the above patient, this 
was not so. If a measure is found to increase serum 
calcium, it should be employed even in asymptomatic 


Fic 4.—Case 2: 
hands showing shortened third 
fourth and fifth metacarpals. 


patients, because of the frequency with which 
cataracts develop. 


Discussion 


We have presented a family in which one member 
suffers from pseudo-pseudohypoparathyroidism and 
her son from pseudohypoparathyroidism (Fig. 1). 
Other members of this family also exhibit certain 
features suggestive of these conditions although they 
have not been examined by us. 

Previous reports have shown that pseudohypo- 
parathyroidism and _ pseudo-pseudohypoparathy- 
roidism may occur separately in different families 
(ten Bosch, 1959; Seringe and Tomiewicz, 1957) and 
recently ten Bosch has reported four patients with 
gonadal dysgenesis and pseudo-pseudohypopara- 
thyroidism. 

Only one family, other than the one we have 
described, has been reported in which pseudo- 
pseudohypoparathyroidism and pseudohypopara- 
thyroidism occurred in succeeding generations 
(Selye, 1949). To the best of our knowledge, the 
possible genetic relationship of these two disorders 
has not been sufficiently emphasized. A review of 
all case reports of pseudohypoparathyroidism re- 
veals that the association of these two conditions has 
been considered by others. For example, of the 
25 cases of pseudohypoparathyroidism reported 
before 1955 and reviewed by Frame and Carter 
(1955), 11 cases had relatives with formes frustes 
of the classical picture of pseudo-pseudohypopara- 
thyroidism. In this review there were 14 relatives 


Radiograph of both & 
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} so affected and 11 of these were female. In our own 
pedigree we suspect that there were two individuals 
in the same generation who suffered from pseudo- 
hypoparathyroidism: Case 1 had an obese sister 

' who died at 18 months of age. Furthermore, in the 

preceding generation, there are several individuals, 

on the maternal side, who appear to be formes 
frustes Of the clinical picture of pseudo-pseudo- 
hypoparathyroidism. 

This familial association of pseudohypoparathy- 
roidism and pseudo-pseudohypoparathyroidism in 
a significant number of reported cases, and in at 
F least two of the members of the family reported 
here, suggests that these two conditions are genetic- 
ally related. For example, it is possible that the 
defect in renal tubular function is the result of one 
' genetic defect and that the abnormalities of habitus 

and mentation may be due to one or more associated 

genetic traits which need to be present for appear- 
ance of the whole clinical picture of pseudohypo- 
parathyroidism. Another possible explanation for 
the observed relationship is that the two conditions 
are due to a single abnormal gene which is incom- 
pletely penetrant and is expressed in pseudo- 

_ pseudohypoparathyroidism. If one of these ex- 
planations is true, it might be expected that some 

patients with apparent spontaneous hypoparathy- 
roidism, but who have been refractory to injected 

_ parathyroid extract, might represent the other end 

_ of this disease spectrum. Their genetic defect then 

_ would be expressed only in such a way that we can 

measure it as altered calcium and phosphorus 

metabolism. The difficulty with trying to prove 
such a theory is that, in the past, parathyroid extract 

_has varied so greatly in its ability to produce 

phosphaturia in normal patients and those with 

surgically induced hypoparathyroidism that it has 
| been difficult to assess the exact significance of poor 
response to injected parathyroid hormone. With 
more reliable extracts of parathyroid tissue available, 
| it might be wise to perform the Ellsworth-Howard 
test on patients who, from all outward appearances, 
are true cases of hypoparathyroidism, especially if 
they respond poorly to therapy with vitamin D or 

AT-10. 

Another possible viewpoint is that all the 
manifestations of pseudo-hypoparathyroidism are 
due to a single metabolic defect, namely, the 
excessive reabsorption of phosphate by the renal 
tubules. The skeletal changes might then be 
attributable to disordered mineral metabolism early 
in life, perhaps in utero. Furthermore, it might be 
postulated that, in pseudo-pseudohypoparathy- 
roidism, the tubular defect was present in early life 


and disappeared after the typical skeletal changes 
had already been produced. This possibility seems 
unlikely, however, because of certain selective 
changes in bones, e.g., shortened metacarpals, and 
the characteristic facies would require further 
explanation. Also, children born of hypoparathy- 
roid mothers and animals born of hypoparathyroid 
mothers or animals made hypoparathyroid by 
surgery shortly after birth fail to show these charac- 
teristic changes of pseudohypoparathyroidism. 

True hypoparathyroidism and pseudohypopara- 
thyroidism seem to be associated with similar E.E.G. 
abnormalities. These consist of paucity of alpha 
rhythm, increased fast activity, simple spike activity, 
and slow waves of 6-7 per second frequency. 

These conditions are of special interest to the 
neurologist because patients with hypoparathy- 
roidism or pseudohypoparathyroidism present with 
symptoms of tetany, seizures, mental retardation, 
papilloedema, intracranial calcification, and ab- 
normalities of the E.E.G. If these conditions are 
not considered, the diagnosis of brain tumour, 
idiopathic epilepsy, and cerebral palsy may be made. 
In the diagnostic evaluation of all patients with 
seizures, hypocalcaemia should be excluded. 


Summary and Conclusion 


The clinical features of pseudohypoparathy- 
roidism and  pseudo-pseudohypoparathyroidism 
have been reviewed with particular emphasis on the 
neurological and E.E.G. abnormalities. 

The association of pseudohypoparathyroidism 
and pseudo-pseudohypoparathyroidism have been 
reported in one family and the pedigree of this 
family suggests that other members of the family 
were also affected. It is concluded that these two 
conditions represent different manifestations of a 
genetically determined spectrum of abnormalities of 
habitus and renal function. 
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In a previous paper the case history was given of 
a 10-year-old boy admitted to hospital for a 
psychotic illness associated with a photosensitive 
skin rash (Hersov, 1955). The condition resembled 
classical pellagra, and although no dietary reason 
for a vitamin deficiency was apparent, a good 
response was obtained to treatment with nicotin- 
amide. Biochemical investigations revealed gross 
and persistent indicanuria and it was suggested by 
Rodnight and MclIlwain (1955), who studied this 
aspect of the illness, that the nicotinamide deficiency 
might be due to a diversion of trytophan from its 
normal route of nicotinamide formation into that of 
indican formation. 

Shortly after the publication of these papers we 
were approached by Professor C. E. Dent, who 
expressed interest in the patient and with whose help 
we were able to show that the boy was an instance 
of Hartnup disease, the hereditary pellagra-like 
disorder later reported in detail by Baron, Dent, 
Harris, Hart, and Jepson (1956). The syndrome 
described by these workers occurred in four out of 
eight siblings of a marriage between first cousins and 
was characterized by attacks of dermatitis and 
cerebellar ataxia; it was also claimed that the 
condition was probably associated with progressive 
mental deterioration. Well-defined biochemical 
abnormalities were present in the affected siblings, 
consisting of a constant renal aminoaciduria of 
distinctive pattern and a high excretion of indican 
and other abnormal tryptophan metabolites. Our 
patient was shown to have an aminoaciduria of 
exactly the same pattern, and although his clinical 
symptoms were in some respects different, there is no 
doubt that he has the same basic disorder. 

We were stimulated by this observation to search 
for further cases of Hartnup disease amongst 
psychiatric patients. A female patient with similar 
symptoms, kindly brought to our notice by Dr. 
Denis Leigh, was then found to have the biochemical 
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abnormality and examination of her family revealed 
an affected sister. The present paper describes the 
follow-up of our original case for six years, together 
with as much information on his family as it has 
been possible to obtain, and the clinical and bio. 
chemical features of the second family. A pre. 
liminary report of some of the biochemical data has 
already been given (Rodnight, 1959a). 


Case Reports 

Family A.—This is the family of the boy (M.H.) whose 
first attack of Hartnup disease has already been described 
by one of us (Hersov, 1955). The parents are not related. 
The incidence of amino-aciduria in the family is given in 
Table I. M.H. remains the only affected member, but it 
has unfortunately been impossible to test the father (who 
deserted some years ago) and a brother on militar 
service in the Far East. Further relatives have been 
sought without success. 

M.H. was admitted to the Children’s Department o/ 
the Maudsley Hospital in May, 1953, and discharged free 
of symptoms in July of that year. Shortly afterwards the 
family moved to the north of England and contact with 
the patient has been maintained through his school 
medical officer and general practitioner. He ceased 
taking extra nicotinamide (prescribed on discharge) in 
October, 1955, and apart from a short spell of diarrhoea 
in the summer of 1954 and a transient skin rash in the 
spring of 1957, he has remained in good health. He 
completed schooling at a secondary modern school 
without difficulty and is now apprenticed to a transport 
corporation as a mechanic. The last report we had from 
his general practitioner (Cr. C. Potts) was in April, 1958. 
when no skin lesions or neurological or psychiatric 
abnormalities were found. 


Family B.—The parents are not related and there are 
three daughters; the incidence of aminoaciduria is 
shown in Table I. The second daughter (E.) was first 
treated at the age of 18 years in 1949 by Dr. Denis Leigh 
for a psychiatric disorder associated with pellargrous skin 
lesions. Following publication of the paper by Baron 
et al. (1956) we tested her urine for amino-acids and found 
her to be a case of Hartnup disease. Investigation of her 
family then showed that the eldest sister (J.) was also 
suffering from the disease, but there were no other 
affected members. 
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TABLE I 
INCIUENCE OF AMINO-ACIDURIA IN THE FAMILIES 





— 
Subject | 


Age (years) | Aminoaciduria 


eee | a 


Family A 
Father 
Mother 
M., female 
R., male 
S., female 
M., male 


Not tested 
Absent 
Absent 
Not tested 
Absent 
Present 


Family B 
Father 
Mother 
J., female 29 
E., female 27 
B., female 26 


Absent 
Absent 
Present 
Present 
Absent 





E.—The patient is now a married woman of 27 years. 
She was a healthy child apart from enuresis and tension 
habits which ceased at the age of 6 years. Her parents 
noticed from an early age that her skin would easily 
redden and “peel” after exposure to sunlight. A severe 
attack occurred during a summer holiday when she was 
8 years old, the exposed areas of her body becoming red, 

painful, and later dark and scaly. There was another 
severe recurrence of the same skin lesions in the summer 
of 1948, the year before her admission to hospital. 

She was a rather timid, dependent child, attended a 
central school, and was generally average in class with no 
behaviour problems. She began work as a duplicating 
machine operator and continued in this occupation until 

: she fell ill. At work she was popular, sociable, able, and 
easy to supervise. 

In October, 1948, she gradually experienced weakness 
and stiffness in the lower limbs and on several occasions 

“collapsed” while walking and had to be assisted. She 
- was able to continue work until February, 1949, when she 
complained of giddiness and double vision. This was 
followed by complaints of recurrent feelings of stiffness 
in the back and legs, which felt numb and tremulous after 
exertion. She gave up work, but failed to improve. 
In April, 1949, she became severely depressed with 
suicidal preoccupation and complaints of inability to 
feel properly, and was admitted to the Maudsley Hospital. 

Physical examination showed a fair-skinned, well- 
nourished girl (7 st. 7 lb.) with no skin lesions or ab- 
normality in the central nervous system apart from brisk 
reflexes. All other systems were normal. She was 
untidy in appearance, depressed, apprehensive, tense and 
tearful, expressing suicidal ideas. She described severe 
and persistent feelings of depersonalization. No 
hallucinations or delusions were elicited; orientation, 
concentration, and memory were unimpaired. Her state 
showed no change during the following three weeks: she 
remained depressed and depersonalized, slept poorly, and 
did not participate in ward activities, complaining of 
stiffness and weakness in her limbs; at times she re- 
quired assistance when walking. Then, after exposure 
to sunlight, she developed a severe erythema of the 
exposed skin areas, together with an exacerbation of the 
lepression and depersonalization. No abnormality of 
porphyrin metabolism was found in the urine, and her 
history and clinical picture led to a diagnosis of pellagra. 
Treatment with oral nicotinic acid (200 mg. daily) 


resulted in the patient becoming markedly more cheerful 
and active after 72 hours, followed by a decrease in the 
depression and depersonalization. Within a week the 
skin lesions had returned to normal, and she was also 
free of psychiatric symptoms and somatic complaints. 
Prolonged exposure to sunlight then had no further 
harmful effect and she was discharged home fully 
recovered in July, 1949, after three months in hospital. 

The patient has been followed up as an out-patient over 
the past 10 years. In May, 1950, she suffered from weekly 
fainting attacks which came on without warning and 
lasted one or two minutes. There was no tongue biting, 
incontinence, or muscular spasms, and no drowsiness or 
confusion followed the attacks. Enquiry revealed no 
history of previous epileptic attacks and no family history 
of epilepsy. However, an electroencephalogram at this 
time showed a number of non-specific anomalies at 
varying frequencies of photic stimulation; coincidental 
injection of “‘metrazol”’ elicited a short burst of bilaterally 
synchronous 3 per second spike and wave. The fainting 
attacks ceased with the administration of nicotinic acid 
(100 mg. daily). The patient remained well throughout 
the summer of that year and did not develop any skin 
lesions. Nicotinic acid was discontinued in October, 
1950. 

In June, 1951, she had a similar fainting attack on one 
occasion, but again with no skin lesions or other symp- 
toms apart from irregular menstrual periods. Nicotinic 
acid was again prescribed and continued throughout the 
winter. In the summer of 1952 she again had fainting 
attacks once a week for four weeks, but they ceased when 
“phenytoin” (grains thrice daily 1-5) and nicotinic acid 
(75 mg. daily) were given. 

In June, 1953, the patient developed a sore tongue, 
angular stomatitis, and an erythematous scaly dermatitis 
of the exposed areas of the face and hands. There were 
no complaints of fainting, depression, or depersonaliza- 
tion and the skin lesions responded rapidly to treatment 
with nicotinic acid. 

Since then the patient has remained free of symptoms 
apart from mild anxiety and tension lasting a few months 
and related to marital difficulties. A neurological and 
psychiatric examination in November, 1958, showed no 
abnormality. On this occasion psychological tests were 
also carried out using the Wechsler intelligence scale 
with the following results: full-scale 1.Q., 95; verbal 
1.Q., 102; performance I.Q., 88. The patient is now in 
regular employment as a shop assistant. 

J.—The patient, a single woman of 29 years, is an 
experienced typist holding a responsible position. She 
is a reticent, unassertive person with few friends and 
limited interests. When 8 years old she suffered from 
severe osteomyelitis of the left leg, requiring operative 
treatment, 18 months in hospital, and a caliper until she 
was 16 years old. While convalescing from the operation 
she remembers developing severe sunburn when exposed 
to the sun, requiring treatment with lotions and protective 
masks. Because of this liability to sunburn she eventually 
had to be confined indoors. Since then she has been 
careful to avoid excessive exposure to direct sunlight and 
protects her skin with lotions. This symptom has not 
reappeared. 
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In 1948, at the age of 18 years, she was referred to the 
medical out-patient department of a general hospital for 
“collapsing attacks” and backache. The symptoms were 
of sudden onset and increased in severity over a period 
of six months. After the “collapsing attacks” her legs 
would feel stiff and weak, and she would be unable to 
resume walking without a period of rest. During these 
times she was also unusually tense, anxious, tearful, and 
irritable; she was unable to work. She was referred to a 
psychiatrist, who made a diagnosis of ‘‘anxiety state” and 
prescribed a holiday of four weeks, during which her 
symptoms disappeared completely. She has remained 
well since with no further symptoms. She was last 
examined at the Maudsley Hospital in November, 1958, 
when no neurological or psychiatric abnormalities were 
found. An electroencephalogram at this time, however, 
showed a generalized abnormality with an excess of 
central theta rhythm, but no specific epileptic features. 
Psychological testing on the Wechsler intelligence scale 
gave an I.Q. of 114. 


Investigation of Family.—The father, aged 63 years, 
has been treated in the past for a duodenal ulcer but has 
no history of skin lesions, or of neurological or psy- 
chiatric illnesses. The mother, aged 63 years, is a normal 
and healthy person. Both parents come from large 
families, the majority of whose members have emigrated 
or cannot be traced. 

The youngest daughter (B.) is a single girl (26 years) 
of a healthy, stable personality and above average 
intelligence (Wechsler intelligence scale 1.Q. 118). There 
is nothing unusual in her medical history. Two maternal 
nieces are backward children: the older is feeble-minded 
(1.Q. 60), but it has not been possible to test her urine; 
the younger is an imbecile and has been tested for amino- 
aciduria with a negative result. 


Biochemical Methods 
Paper Chromatography.—Two-dimensional paper 
chromatography was carried out on 9 x 9 in. squares of 
Whatman No. 20 paper in the apparatus described by 
Rodnight and Aves (1958). 


Urinary Amino-acids.—The determinations were made 
by paper chromatography. Urine specimens were 
electrolytically desalted and a series of two-dimensional 
chromatograms were prepared using volumes of urine 
containing from 10 to 75 yg. nitrogen, in parallel with 
an appropriate range of standards. The solvents used 
were mixtures of butanol and acetic acid and phenol and 
ammonia (Smith, 1958). Amino-acids were revealed by 
ninhydrin and the intensities of the spots matched visually 
against the standards after storing the papers in the dark 
for 24 hours. Several determinations at different levels 
were made for each specimen and the maximum range of 
error estimated as 25%. Tryptophan was measured 
separately by a method given below. Total amino-acid 
nitrogen was determined by formol titration; since 
desalted samples were used no correction for urinary 
ammonia was required. 


Urinary Indoles.—Indole chromatograms of fresh 
urine specimens were prepared according to Rodnight 
and Aves (1958). Tryptophan was separated on de- 
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activated charcoal (Asatoor and Dalgliesh, 1956) and 
determined on two-dimensional chromatograms b y visua| 
comparison with a range of standards. Serotonin ani 
tryptamine were determined by the method of Rodnight 
(1956), except that the ‘“‘amberlite” resin CG-50 was use 
in place of “zeo-karb” 226 and the final estimations wer 
made on two-dimensional chromatograms. Indole acid 
were decermined by a chromatographic method describe; 
elsewhere (Rodnight, 1959b). Indican was determine; 
according to Sharlit (1933). 

Whole blood indoles were examined by an acetone 
extraction procedure described elsewhere (Rodnighi, 
1959b). 

Urinary Kynurenic Acid and Xanthurenic Acid. —Th: 
fluorometric method of Satoh and Price (1958) was used 
Fluorescence was measured in a Locarte fluorometer 
using the following filters for the primary and secondan 
sides of the instrument respectively. 

Kynurenic Acid.—OX7 (Chance Bros.); LF3 (Locarte 
Co.). 

Xanthurenic Acid.—-OV1; GR2 and OY3 (all Chance § 
Bros.). 

Recovery of these substances added to urine ranged from 
65 to 90°; internal standards were therefore used in each 
estimation and the results quoted are corrected for losses 


Results of Biochemical Investigation 

Aminoaciduria.—The incidence of this in the two 
families has already been given (Table I). The 
affected members in both families have been tested 
at approximately yearly intervals over a period of 
six years in the case of M. in family A, and over 
three years for cases E. and J. in family B. The 
highly distinctive pattern of aminoaciduria was 
present on each occasion, and only minor differences 
could be discerned between the subjects by visual 
inspection of the chromatograms. 

In order to determine the magnitude of the loss of 
amino-acids in our cases, estimates were made of 
the daily output of total amino-acid nitrogen and 
of the individual amino-acids in family B (Table II). 


TABLE Il 





DAILY URINARY EXCRETION OF AMINO-ACIDS_ IN 
FAMILY B . 

Amino-acid a E. B. 
Alanine 650 500 50 
Asparagine 500 330 Not detected 
Aspartic acid Not detected 160 | Not detected 
Glutamic acid 430 40 | Not detected 
Glutamine 3,200 2,500 32 
Glycine | 650 1,000 150 
Histidine | 650 500 430 
sauce | 550 330 Not detected 
Isoleucine 
Lysine 430 500 | Not detected 
Phenylalanine 210 250 | Not detected 
Serine 1,300 1,000 100 
Threonine 500 500 | Not detected 
Tryptophan 40 40 15 
Tyrosine 500 330 30 
Valine | 650 | 330 Not detected 
Total amino-acid N | 1,290 | 1,099 151 








Results expressed in mg. per 24 hours. 
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Amino-acid excretion in subjects J. and E. exceeded 
that in the normal sister B. by a factor of nearly 10, 
and variable increases were found in all the amino- 
acids, with the exception of histidine, where the 
difference lay within the error of the method. 
Especially notable is the excretion in the affected 
cases of 2 to 3 g./day of glutamine and over | g. of 
serine. With minor differences, therefore, the 
urinary amino-acid pattern in these cases closely 
resembles that described by Baron et al. (1956) and 
Evered (1956) in the original Hartnup family, 
although in the latter study glutamine was apparently 
measured as glutamic acid. 


Indoles.—Baron et al. (1956) and Jepson (1956) 
reported an abnormally high excretion in members 
of the Hartnup family of four indoles, namely 
tryptophan, indican, indolylacetic acid, and indolyl- 
acetylglutamine. This pattern has been reproduced 
in M. of family A on each occasion his urine has 
been tested (by two-dimensional paper chromato- 
graphy) over a period of six years. J. and E. in 
family B have been examined on nine occasions 
over three years with a rather different result: thus, 
although the level of indican was consistently raised 
in all specimens, tryptophan was generally only 
moderately raised, whilst indolylacetic acid and 
indolylacetylglutamine were within normal limits 
in all specimens. 

Several specimens from ali three cases contained 
an unknown indole not described by Baron et al. 
(1956) or by Jepson (1956) in the Hartnup family 
cases. On two-dimensional chromatograms this 
occupies a position roughly between the origin and 
the urea spot (Rodnight and Aves, 1958); the purple 
appears very rapidly after the application of Ehrlich’s 
reagent and fades to invisibility within three minutes. 
Its nature has not yet been investigated. 

Quantitative estimates of the daily output of some 
urinary indoles, including those mentioned above, 
are quoted in Table III for Case M. of family A and 
for the three siblings of family B. Indican excretion 


TABLE III 
DAILY URINARY EXCRETION OF INDOLES 





Family B 

Indole ———_ 
| B. 
Tryptophan (mg./24 hr.) - | 
Indican (mg./24 hr.) 
Indolylacetic acid (mg./ 

24 hr.) 
Indolylacetylglutamine 

(approximate estimate | 

mg./24 hr.) - , 4g 
5-Hydroxyindolylacetic } } 

acid (mg./24 hr.) 1:50 | 170 | 165 | 3°25 
Serotonin (g./24 hr.) | 30 | 42 i 2 55 
Tryptamine (ug./24hr.) | 65 | | 67 | 19 50 

| 


Unknown fast reactor | 


below urea | Present Absent 


Present 


Present 


is markedly raised in Cases J. and E., high but 
almost within normal range in Case M., and normal 
in the unaffected subject B. Confirming the impression 
gained from the qualitative chromatography, the 
outputs of indolylacetic acid and indolylacetyl- 
glutamine are normal in all the affected cases; the 
rather high value for indolylacetic acid obtained 
from the normal sister B. was also noted in two other 
specimens from this subject. 

The other urinary indoles measured were 
serotonin, its principal metabolite in the body 
(5-hydroxyindolylacetic acid) and tryptamine; the 
latter is a possible precursor of indolylacetic acid. 
The output of serotonin tended to be low in the 
affected cases, but the values lie just within the 
normal limits of 30 to 120 wg. + 20% per day as 
established at present (Rodnight, 1956, 1959b). A 
rather lower output of only 20 ug./day was obtained 
on another 24-hour sample from Case E. With 
regard to the excretion of 5-hydroxyindolylacetic 
acid, the values quoted in Table III for the affected 
cases are all below the lower limit of the normal 
range, but that for the normal subject B. may be 
considered as normal. Tryptamine output was 
normal in all the subjects. 

Whole blood indoles were examined on one 
occasion in the two affected members of family B. 
No qualitative differences were detected from the 
pattern previously established in normal subjects 
(Rodnight, 1959b). 


Urinary Kynurenic Acid and Xanthurenic Acid.— 
These metabolites were determined as they lie on the 
pathway from tryptophan to nicotinamide. The 
results of estimates made on the 24-hour samples 
from family B. are quoted in Table IV together with 
the 24-hour outputs of several normal subjects, 
since few normal values using the fluorometric 
method have been published as yet. The output of 
kynurenic acid in the affected subjects is definitely 
lower than in the normal sister or in the other 
normal subjects; a similar difference, though less 
marked, is also apparent in output of xanthurenic 
acid. 

TABLE IV 





Kynurenic Xanthurenic 
Acid Acid 
(mg./24 hr.) (mg./24 hr.) 


Subjects 


Family B 
sl 
E. 

B. 

Normal subjects 
Male, 23 yr. 
Male, 24 yr. 
Male, 26 yr. 


Female, 23 yr. 
Female, 24 yr. 


wy eta ty 
CSODanN 
CUNO 























































44 





Discussion 

All suspected cases of Hartnup disease at the 
Maudsley Hospital over the past four years have 
been carefully screened for indicanuria and amino- 
aciduria, with negative results except for the new 
cases reported here. In an earlier study no case of 
severe indicanuria had been found amongst 50 un- 
selected new admissions to another mental hospital 
(Rodnight and Mcllwain, unpublished data) nor 
were any instances of the Hartnup indole pattern 
detected in a more recent study of indole excretion 
in 156 unselected mental hospital patients (Rodnight 
and Aves, 1958). Further cases of the condition re- 
ported by other authors since the original account of 
Baron et al. (1956) comprise three children described 
by Jonxis (1957) members of two different con- 
sanguineous families in Holland, a 4-year-old girl 
reported by Henderson (1958), and a 7-year-old girl 
reported by Weyers and Bickel (1958) from 
Germany. Thus, so far as we are aware, the present 
account brings the total number of published 
instances of the condition up to 13 cases occurring 
in eight families, three of which are consanguineous. 
The condition therefore appears a very rare one, 
but we agree with Baron et a/. (1956) in considering 
that some caution is still necessary before accepting 
this conclusion, particularly since the clinical 
manifestation of the disease has now been shown to 
be quite variable and often relatively mild in charac- 
ter, so that minor attacks in subjects with the 
biochemical defect may well go undetected or un- 
diagnosed. Moreover, it now appears that attacks 
of the disease may only occur very rarely, as ex- 
emplified by the present patients, all of whom have 
suffered only one major attack, which in J. and E. of 
family B was delayed until early adult life. 

In the previous accounts of Hartnup disease cited 
above, the psychiatric features of the clinical picture 
have ranged from emotional lability in the milder 
cases to apathy, irritability, depression, confusion, 
and delirium in the more severe cases. In the earlier 
cases, however, these symptoms were apparently 
preceded and overshadowed by neurological and 
other features, since in no case were they the primary 
cause of referral to hospital. In the attacks suffered 
by our patients, psychiatric symptoms were a 
prominent clinical feature, taking the form of 
hallucinations and delusions in the boy (Case M.., 
Hersov, 1955), depression and depersonalization in 
Case E., and an anxiety reaction in Case J. In 
classical pellagra, also, the presenting symptoms 
may vary considerably, some subjects exhibiting 
psychiatric disturbances to a greater extent than 
others (Bicknell and Prescott, 1953). 

The psychiatric symptoms occurring in Hartnup 
disease appear to be non-specific reactions, which 
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respond well to treatment and leave no residual MB that 2 
effects. Hallucinations and delusions are well. & jndoly 
known accompaniments of toxic and infectious & teristic 
conditions in childhood (Kanner, 1948). De. & indica’ 
personalization has been described by Mayer-Grogs J absen< 
(1935) in organic cerebral disease and in norma| § chrom 





subjects in states of fatigue; he views it as a pre. 
formed functional response of the brain in the same 
category as other non-specific preformed functional] 
mechanisms such as epileptic fits, delirium, states of 
semi-consciousness, and catatonic states. 

The suggestion was made by Baron et al. (1956) 
that the biochemical defect in Hartnup disease may 
slowly cause progressive mental deterioration. Our 
own data give no support to this suggestion. The 
1.Q.s of our patients were all within the average 
range, and Case E. in fact showed a raised I.Q. when 
retested eight years after her first attack (the scores 
of the progressive matrices for 1949 and 1958 were 
1.Q. 94 and I.Q. 107 respectively). Nor has any 
decline in school progress or work record been 
observed in our patients over a long period of time. 
The conclusion of Baron ef al. (1956) was based 
mainly on their finding that the I.Q.s of the four 
affected children in their family diminished from a 
value of 101 in the youngest to 61 in the eldest, and 
also on the mother’s report of an apparent deteriora- 
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tion in behaviour as they grew older with the & of | 
appearance of bullying attitudes and disagreeable & ket 
moods. Such behaviour is commonly seen in & enz 
children and adolescents as a reaction to the handi- & ser 
cap of illness, periods in hospital, and educational L 
backwardness, and is in no way comparable with kyr 
deterioration as commonly defined: a progressive § tio: 
change in the direction of decreasing efficiency in the — me 
performance of certain tasks as compared with past try 
performance. Similarly the decline in I.Q. with age aci 
might also be ascribed with equal justification to 

detrimental environmental influences as to genuine 

deterioration, since the 1.Q.s in the affected children of 


were lowest in whom the attacks of the disease had 
been most frequent and severe, and highest in cases 
with mild symptoms or no symptoms. In our view, 
therefore, the psychological evidence of Baron et al. 
(1956) is inadequate to support the conclusion that a 
progressive.decline in intellect occurs in Hartnup 
disease, particularly since it fails to take into account 
the effects of illness and repeated periods in hospital 
on I.Q. scores and social skills. 

The biochemical observations on the present 
cases mainly confirm the work of Baron et al. (1956) 
and Jepson (1956); in particular they emphasize 
the remarkable uniformity of the defect in amino- 
acid excretion. With regard to the indoles, it is now 
clear both from the present work and from that of 
Milne, Crawford, Girao, and Loughridge (1959) 
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that a raised excretion of indolylacetic acid and 
indolylacetylglutamine is not a constant charac- 
teristic of the disease. In our cases, however, 
indican excretion has always been high, and in the 
absence of facilities for preparing amino-acid 
chromatograms determinations of indican may serve 
as a useful guide in suspected cases, although the 
fnal diagnosis must rest on the demonstration of 
the typical aminoaciduria. The excretion of 
srotonin has not been previously investigated in 
Hartnup disease, but it appeared possible that this 
important pathway of tryptophan metabolism, as 
well as the route to nicotinamide, might also be 
affected by the distortion of tryptophan utilization 
which occurs in the disorder. In fact no major 
abnormality was found in the present study, but the 
daily output of 5-hydroxyindolylacetic acid and toa 
lesser extent that of serotonin itself, tended to be 
lower than normal in the affected subjects. 
Although more results are necessary to confirm this 
tendency, the present figures suggest that some 
diversion of tryptophan from the pathway of 
serotonin formation may occur in the disease. Such 
a diversion would be consistent with the suggestion 
of Milne et al. (1959) that the distortion of trypto- 
phan metabolism may be due to a defect in the 
transport of tryptophan rather than to a deficiency 
of tryptophan peroxidase. However, in phenyl- 
ketonuria, another hereditary disease, an established 
enzyme deficiency is associated with a deficiency in 
serotonin (Pare, Sandler, and Stacey, 1957). 

Low excretion rates were also obtained for 
kynurenic acid, a result which confirms the observa- 
tion of Milne et al. (1959) that Hartnup subjects 
metabolize an abnormally low percentage of ingested 
tryptophan to kynurenine, the precursor of kynurenic 
acid. 


Summary 


The clinical and biochemical features are described 
of three cases of Hartnup disease presenting with 


non-specific psychiatric disorders. No evidence for 
mental retardation or deterioration was found in the 
patients. 

Generally normal values were found for the excre- 
tion of indolylacetic acid and indolylacetylglutamine, 
but in conformity with previous work the excretion 
rate of indican in the patients was consistently 
raised. Low excretion rates were found for sero- 
tonin, 5-hydroxyindolylacetic acid, and kynurenic 
acid. 


We wish to express thanks to our colleagues for their 
help in this study. In particular we are very grateful to 
Professor H. Mcllwain for his encouragement and advice 
throughout the work, to Dr. Denis Leigh for permission 
to use his case records and for much helpful advice, and 
to Dr. C. Potts for cooperation in following up one of 
the subjects. Mr. E. K. Aves rendered excellent technical 
assistance. The work was assisted by a grant from the 
Research Fund of the Bethlem Royal and the Maudsley 
Hospital, which we acknowledge with thanks. 
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CONGENITAL, STATIC FAMILIAL OPHTHALMOPLEGIA 
BY 
F, LEES 


From the Department of Neurology, Manchester Royal Infirmary, Manchester 


Ophthalmoplegia with ptosis occurring as a 
hereditary congenital, static condition is rare 
(Walsh, 1957). Only a small number of affected 
families has been described. Many other descrip- 
tions refer to progressive disease which appears 
to be a different heterogeneous group of ophthalmo- 
plegias (Beckett and Netsky, 1953; Helfand, 1939; 
Hutchinson, 1879; Langdon and Cadwalader, 1928; 
Lewis, 1956; Walsh, 1957; Wilbrand and Saenger, 
1900). In the family recorded here the defect was 
present in at least three generations. Clinical 
observations on four afflicted members of the family 
are available. 


Clinical Details 


Case 1.—(A.B.). This boy (Fig. 1), an apprentice 
plumber aged 16 years, complained that he could not 
raise the upper eyelids and that sometimes he had to 
“blink” in order to bring approaching objects “into 
focus”. The ptosis was congenital and because of it he 
had to tilt his head backwards to obtain a horizontal 
gaze. He had observed that the eyeballs would not move 
upwards under any circumstances. Lateral gaze required 
rotation of the head. He frequently collided with his 
companions as they walked beside him. He did not 
attend hospital because of any new or distressing symp- 
toms but because a friend was attending and he thought 
he would like to know what was wrong with his eyes and 
whether any treatment could be given. He had worn 
glasses since an early age. There had been no diplopia. 
He was quite intelligent and walked with a backward tilt 





Fic. 1.—Case 1 (A.B.). 
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of the head. There was severe bilateral ptosis, the lef 
palpebral fissure being a little narrower than the right, 
It was easy to lift the lids mechanically and this showed 
both globes to be permanently rotated downwards 
Fig. 2 shows attempted eye movements. A suggestion of 
bilateral facial weakness in the expression was not con- 
firmed by testing facial movements, which were powerful. 
Upward eye movement was lost bilaterally. The right 
eye showed almost complete external ophthalmoplegia, 
only a trace of downward movement being observed, 
The left eye showed a little medial and lateral movement, 
These excursions were accompanied by a slight rotation 
of the globe and variable rotatory and_ horizontal 
nystagmoid oscillations. The left pupil was very slightly 
larger than the right but both showed normal reactions 
to light, directly and consensually. Convergence move- 
ments were negligible and no accommodation pupillary 
reaction was seen during these attempts. Fixation of 
vision on a static object failed to improve eye movement 
when the head was moved in any direction. Vision 
without correction was, right eye 6/24 and left eye (the 
more mobile eye) 6/9. With glasses, right eye 6/18, 
left eye 6/6. The visual fields were full. The right field 
showed a blind spot of normal size and position but none 
could be found in the left eye field. The left eye was in 
fact oscillating continuously on attempted fixation. 
There were no other. abnormal signs. An intravenous 
dose of 10 mg. of edrophonium (“tensilon’’) did not 
facilitate eye or eyelid movement. 


Case 2.—L.B., aged 43 is the father of A.B. (Fig. 3). 
He brought his wife and the affected members of the 
family. They confirmed that the ocular defects had been 





Fic. 3.—Case 2 (L.B.). 
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Fic. 2e Fic. 4e 


Fic. 2.-Case 1: attempted eye movements. Fic. 4.—Case 2: attempted eye movements. 
(a) Looking upwards  R. nil. L. nil. (a) Looking upwards R. nil. L. nil. 
(b) Forward gaze (b) Forward gaze Shows permanent downward 
(c) Looking right R. nil. L.. 35%. rotation. 
(d) Looking left a L. 40°. (c) Looking right R. 40°. L. nil. 
(ce) Looking downwards R. 10°. L. nil. (d) Looking left es mh. 
The forward gaze position shows the permanent downward (e) Looking downwards R. nil. L. nil. 
rotation of the eyeballs revealed by lifting up the lids. The degrees of movement from the mid-line are approximate. 
The degrees of movement are measured from the antero- 
posterior axis and are approximate. 
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present at birth and that no progression whatever had 
been observed. His own story was that of bilateral 
congenital ptosis, walking with the head held back, and 
that on testing himself he had found the left eye to be 
quite fixed and the right to have only minimal movement. 
He was “easily put off balance if bumped into”. He had 
severe bilateral ptosis with permanent wrinkling of the 
forehead. Attempted eye movements are shown in 
Fig. 4. No vertical eye movement was present. The left 
eye was practically immobile. There was slight horizontal 
movement in the right eye. The left pupil was slightly 
larger than the right and both showed normal reflexes 
except on convergence. The more mobile right eye 
showed nystagmoid oscillations on attempted movements. 
He had a mournful appearance but no loss of power in 
the facial muscles. 


Case 3.—E.B., the second son of L.B., was 7 years of 
age and was born with bilateral ptosis and a downward 
tilt of botheyes, the left more than right (Fig. 5). Attempted 


Fic. 5.—Case 3 (E.B.). 


eye movements are shown in Fig. 6. There was a little 
horizontal mobility of the right eye only. There was an 
intermittent convergent strabismus but the left eye was 
fixed. No vertical excursion was shown by either eye. 
Nystagmoid jerks were exhibited by the right eye on 
movement. The right pupil was slightly larger than the 
left. Pupillar reactions were the sarne as in the other 
cases. 


Case 4.—P.B., the daughter of L.B., was 8 months old 
(Fig. 7). She was born with bilateral unequal ptosis and 
unequal downward rotation of the eyeballs, both more 
marked on the right. A frequent but variable convergent 
strabismus was present. In this case the left eye was 
almost fixed and the only movement on the right was a 
short horizontal excursion with nystagmoid oscillations. 
The pupils were equal in size. 

None of the patients had any other detectable con- 
genital or neurological lesion. The muscular power in the 


FiG. 6.- 
(a) 
(b) 


(c) 
(d) 
(e) 


Fic. 66 


Fic. 6e 


Case 3: attempted eye movements. 
Looking upwards’ R. 5°. L. nil. 
Forward gaze Showing downward rotation, 
more marked in the left eye. 
Looking right Bs 2. L. nil. 
Looking left R. 10 L. nil. 
Looking downwards R. nil. L. nil. 


The degrees of movement are approximate. 
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Fic. 7.—Case 4 (P.B.). 


limbs, shoulder and pelvic girdles was normal. The 
tendon reflexes in the arms and legs were all present and 
equal. The plantar responses were flexor. There was no 
sign of muscular wasting or of pseudohypertrophy. 
Movements of the limbs and gait were normal. Sensory 
testing in all modalities revealed no deviation from 
normal. 


Family History 

L.B. believes that his grandparents were not 
affected. His father, who died aged 78, after a 
healthy life, was affected with ptosis and walked with 
head held back. There were two sisters and two 
brothers in that generation, one of each of which 
had ptosis and ophthalmoplegia. One of these 
women had an “unsuccessful” operation on the eyes. 
What is known of the rest of the family is shown in 
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Fic. 8.—The affected family. 


Fig. 8. There are three unaffected children in the 
family studied. 


Discussion 

The most interesting point of discussion is the 
possible site of the lesion causing this syndrome. 
Bilateral ptosis, defective vertical eye movements, 
downward rotation, a fixed eye and a slightly mobile 
eye, nystagmoid jerks, and unequal pupils were the 
chief features. Supranuclear optic fixation reflexes 
did not cause free eye movements (Wilson, 1954). 
The absence of a blind spot in A.B., the rest not being 
tested, probably indicated that a fixation point for 
gaze had not developed and was accompanied by the 
continuous oscillatory or scanning movements of 
the “‘mobile”’ eye. 

There was no evidence of progression, facial nerve 
affection, or any lesion of the sympathetic nervous 
system. 

Ptosis and loss of vertical, especially upward, eye 
movement are the main features of Parinaud’s 
syndrome (Walsh, 1957) which is said to be the 
result of a supranuclear lesion in or near the posterior 
longitudinal bundle at the level of the posterior 
commissure or superior colliculus. Lesions at or 
near the pineal gland may produce this syndrome 
which may include other features, namely, pupillary 
abnormalities, because the lesion is in the region of 
the pupillomotor pathway, and defects of con- 
vergency and accommodation and diplopia if nuclear 
lesions are also present. The ptosis is ascribed to 
a lesion in the anterior part of the mesencephalic 
grey matter. The ophthalmoplegia in this family 
might then be due to a posterior longitudinal bundle 
lesion combined with nuclear dysfunction. If the 
connecting fibres from the bundle to the sixth nerve 
nuclei were also involved this might account for a 
defect in lateral eye movements. Double vision may 
be absent with optic axes not parallel because one 
image is disregarded after a time. Loss of accurate 
fixation disturbs vision and causes the eye to oscillate, 
especially if the object is not at the centre of vision. 
A certain loss of stability when walking was noticed 
by A.B. and L.B. This may be connected with the 
defect in horizontal eye movements or loss of the 
optic-vestibulo-cerebello-spinal reflexes of head-eye 
coordination effected through the posterior longi- 
tudinal bundle. Although the progressive type of 
familial ophthalmoplegia has been ascribed to a 
myopathy in some cases, this cause would seem to be 
very unlikely in the static congenital cases. The 
patients in this family show strikingly similar clinical 
pictures or are more or less “‘mirror images” of each 
other. 

Cases of congenital ophthalmoplegia were 
separated by Wilbrand and Saenger from the less 
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uncommon variety of “chronic progressive nuclear 
ophthalmoplegia” and they noted that congenital 
cases were not progressive. 

Many authors have written about progressive 
cases. Langden and Cadwalader claimed that a 
nuclear dysplasia was present in one case. One of 
the first descriptions of this type of ophthalmoplegia 
was by Hutchinson in 1879. McMullen and Hine 
(1921) were also referring to progressive disease 
when they ascribed it to defective nuclear 
development. 

Cases more like the present family were recorded 
by Bradburne (1912) in five generations, Lewis (1956) 
with three cases in one family, and Holmes (1955) 
who presented details of a family of 19 members, 
nine of whom had hereditary congenital ophthalmo- 
plegia. None had other congenital physical or 
mental defects. Inheritance was congenital, not 
progressive, not sex linked and dominant as in our 
family. In the description by Holmes there was 
observed to be rotatory nystagmus, complete absence 
of vertical movement, and minimal lateral ex- 
cursions. There was slight myopia not improved 
by glasses. Neurological examination was negative. 
Biopsy of an external rectus muscle showed com- 
plete replacement of muscle by relatively cellular 
fibrous tissue. Holmes felt that the disease might 
represent the combined influences of nuclear 
dysplasia and imperfect development of the external 
ocular muscles. 

Gourfein’s family (1896) with this disease had six 
affected members. 

Lawford (1888) described a family in which the 
father, aged 45, and three children were affected. 
Three children were normal. The cases are very 
similar to ours. I think one of the most important 
observations of all was made by Heuck (1879) who 
found four cases in a family. One of them died of 
scarlet fever. Necropsy showed grossly abnormal 
external ocular muscles which were nearly all 
inserted into abnormal positions, particularly too 
far back in the sclerotic or capsule, so that adequate 
movements could not occur. Nearly all the muscles 
were too short and the superior recti and levator 
palpebrae superioris muscles were very thin and 
membranous. The nerves were normal. This case 
and the biopsy studies by Holmes give vital 
information about this defect. 

It is remarkable that usually no other anomalies 
of development are present, though of course, 
infants with serious congenital defects in the nervous 
system may also show ophthalmoplegia. Brad- 
burne’s familial ophthalmoplegia had run through 
five generations of 37 individuals, affecting 16 
and the seven surviving were described. He had 
great difficulty in persuading them to show “the 
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family failing”. |The cases are very similar indeg, 
to our family. They were congenital, not se 
linked, and of continual descent, unaccompanied by 
any other defects. The years between 1710 and 19}) 
were covered by these generations. There was ap 
equal ability to transmit in both sexes. 

A rather different family was reported by Salleras 
and Ortiz de Zarate (1950). It suffered from a sex. 
linked congenital ophthalmoplegia. Six males oy 
of seven had the condition with other coincidental 
signs of myopia and absent tendon reflexes. 
females in the family were ophthalmologically 
normal but those transmitting it had no knee and 
ankle jerks. 

The descriptions and photographs show patients 
like ours, with “‘complete bilateral ptosis’’, almost 
complete bilateral external ophthalmoplegia, squint 
in four of them, and slight lateral movements of less 
than 20° in some of the eyes. The pupils were 
eccentric dyscoric and amisocoric and the accom- 
modation reflex was difficult to obtain because of 
high myopia and lack of convergence. The com- 
bined lesions and hereditary feature indicated a 
dysplasia of chromosomal origin but as no patho- 
logical material was available the exact site of the 
lesion was not determined. 

In conclusion, there are theoretical reasons for 
believing that the lesion in the congenital, static 
ophthalmoplegia is in the posterior longitudinal 
bundle and its nuclear connexions or possibly to 
some extent in the nuclei themselves but not affecting 
most of the pupillary function. The presence of 
dysplasia in this area before or during the develop- 
ment of the external ocular muscles might cause 
maldevelopment of the muscles as illustrated by the 
findings of Holmes and Heuck. There is no patho- 
logical proof, however, that the lesion is not a 
dysplasia of muscle with normal nervous connexion. 
References to the pathological lesions in the nerve 
nuclei refer to progressive ophthalmoplegia and not 
to the syndrome deéscribed here. Pathological 
studies are required if necropsy material becomes 
available in such families. 


Conclusion 

A family with congenital, static hereditary 
ophthalmoplegia is described. Reasons for con- 
sidering that the lesion is in the posterior longi- 
tudinal bundle and its connexions with the oculo- 
motor nuclei are advanced. The literature of some 
similar families is reviewed. Pathological material 
is lacking in most cases of this type of ophthalmo- 
plegia. In two reports the lesion found was in the 
eye muscles. It is possible that the congenital defect 
is in muscular development and not in the nervous 
connexions. 
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It has been reported by Strauss and his co- 
workers (Strauss, Sands, Robinson, Tindall, and 
Stevenson, 1952; Sands and Chamberlain, 1952; 
Strauss and Stevenson, 1955, 1958) that dehydro- 
epiandrosterone (“‘diandrone”’) altered the behaviour 
patterns and mental attitudes of a series of patients 
showing the “immaturity syndrome”. Similar 
results have also been reported by Italian workers 
(Zubiani and Laricchia, 1953; Serra, 1953) who 
have found dehydroepiandrosterone to be of benefit 
in a number of psychiatric conditions (phobic- 
obsessive psychoneuroses, neuropsychasthenia, psy- 
chopathic personality, involutive syndromes, and 
depressive psychoses) with the exception of schizo- 
phrenia. 

However, no controlled trial of the effects of 
dehydroepiandrosterone has been performed. Since 
it appears that this substance is used in some 
psychiatric hospitals and as the endocrinological 
aspects of these reports are of interest, it seemed of 
value to perform a controlled trial of this substance. 


Methods 


After initial interviewing and random allocation to the 
trial group the patients were seen at weekly interviews 
for a period of seven weeks, by the psychiatrist for 
behavioural assessment and by the psychologist for 
performance rating. 

The trial was conducted on the usual “‘double blind” 
principle. Subjects received placebo tablets or tablets of 
dehydroepiandrosterone for the first three weeks. No 
tablets were given in the fourth week and tablets were 
again given during the last three weeks. The dosage of 
dehydroepiandrosterone was 5 mg. per day for the first 
week, 10 mg. per day for the second week, and 20 mg. 
per day for the third week. 

At each interview the patient was weighed and his 
behaviour at the interview assessed as regards mood, 
confidence, and aggressiveness. Specific questions were 
put to the subject :— 

(1) How is your appetite? 

(2) Have you noticed any change in your confidence 
as regards social occasions and reaction to arguments? 

(3) How are you in your spirits? 
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(4) Have you noticed any change in your sexual 
activity ? 

(5) Are you sleeping well? 

It was found in practice that these questions had always 
to be elaborated. Thus the question on sexual activity 
was broken down to include questions on sexual phantasy, 
masturbation, and overt heterosexual activity. On the 
basis of interview behaviour and the subjects’ reported 
experience, assessments were made on mood, confidence 
and/or aggressiveness, and sexual behaviour. Thes 
assessments were aimed at recording changes rather than 
absolute values and were expressed in terms of a three- 
point rating scale (— 1,0, and +1). 

The psychoiogical tests were intended to provide an 
independent and objective measure of any change in the 
patients’ performance as the drug trial progressed. It 
was decided that a measure of output of work would be 
useful, and for this purpose two ad hoc tests were used. 
The first consisted simply in having the patient write as 
many Os as possible continuously for a three-minute 
period. The production for each of the three minutes 
was noted. The second performance measure was 
obtained with a mechanical hand counter. The 
patient pressed the switch with his thumb and was 
instructed to put up as large a score as he could until told 
to stop (“‘clicker”’ test). The test period was one minute 
and readings were taken every 15 seconds to obtain a 
measure of work decrement. 

Each test was administered twice with suitable rest 
pauses on each occasion that the patient was seen. It 
must be emphasized that as far as these tests are con- 
cerned this must be considered a pilot study. Control 
group data suggest that the tests are reliable enough for 
the present purpose. The “Os” test has a test-retest 
reliability coefficient of 0-87, and the “clicker” test has a 
reliability coefficient of 0-78. Both correlations are 
significant beyond the 0-01 level of confidence. However, 
data on the validity of these tests are meagre. In the 
control group 5 mg. of amphetamine: increased pro- 
ductivity in both tests, but at the moment this sensitivity 
to an amphetamine-iike effect is the extent of our 
information about them. 


Subjects 


We attempted to select patients for the trial in accord- 
ance with the criteria laid down by Strauss and Stevenson. 
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TABLE I 
PSYCHIATRIC ASSESSMENTS AT WEEKLY INTERVIEWS 
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Periods in bold type indicate administration of dehydroepiandrosterone. 


Subject E was not interviewed during week 4. 


The essential features of the patients they studied were 
“constitutional inferiority”, poorly developed libido, lack 
of confidence, social inadequacy, and shyness. These are 
fairly loose descriptive terms but do permit of a selection 
of subjects resembling closely the descriptions given in 
the case histories in the paper of Strauss and Stevenson 
' (1955). These patients might also be classified as 
' “vulnerable personalities” (Curran and Mallinson, 1944) 
' or depressive psychopaths (Schneider, 1950). 

The following brief summaries describe the salient 
features of our eight patients who were all single men. 


Subject A.—Age 30, costing clerk, asthenic build, poor 
physical development. Dependent on mother and self- 
' conscious in company. Had once had a girl friend but 
she had been “‘stolen”’ by one of his workmates. Always 
avoids arguments. Presenting symptom was that of 
depression. 


Subject B.—Age 30, woollen mill operative, thin, 
' asthenic type. Denied any current sexual interest or 
activity. Had once been engaged but pleased when 
fiancée broke it off—‘‘she seemed to want it all her own 
way”. Lives alone with mother, socially inhibited. 
Originally referred from Skin Department where he had 
been under treatment for dermatitis. To psychiatrist he 
also complained of inadequacy and depressive symptoms. 


Subject C.—Age 26, cooper, thin and _ asthenic. 
_ Symptoms present for three years, consisting of true 
| asthmatic attacks and episodes of tension in chest and 
throat. In addition complained of generalized anxiety 
and depressive feelings. Had been engaged but relieved 
when fiancée broke it off. 


Subject D.—Age 23, electrician, small stature with poor 
physical development. Nervous boy, very young for his 
years and clearly dominated by ex-policeman father. 
Girl friend was apparently chosen for him by mother. 
Presenting symptoms were anxiety attacks coming on in 
Situations evocative of claustrophobia. In addition 
_ complained of lack of confidence and feelings of 
depression. 


Subject E.—Age 36, fireman in gasworks, athletic 
build, somewhat obese. Always shy and socially in- 
hibited. Denied any heterosexual experience, had 
never actually taken a girl out. In 1946 accused of 
5 


“voyeurism”. He was found wandering about the 
grounds of W.R.N.S. establishment and put on probation 
for two years. 

Presenting symptoms were depression and lack of 
confidence. 


Subject F.—Age 19, apprentice bricklayer, small 
stature, obese. No social confidence or ambition, 
socially inhibited, only recreation was watching TV. 
Presenting symptoms were those of depression and lack 
of confidence. An episode of “voyeurism” had brought 
the patient to the notice of the police and this had 
accelerated his referral for psychiatric opinion. Patient 
absolutely denied any sexual activity or interest. 

Subject G.—Age 20, undergraduate, asthenic build, 
nervous and lacking confidence. No sexual activity until 
the age of 17 with corresponding retardation in person- 
ality maturation. Presenting symptoms were lack of 
confidence and guilt over exhibitionistic impulses. 

Subject H.—Age 20, undergraduate, poor physical 
development and late sexual maturation. Quiet, shy, 
unable to speak in company. Presenting symptoms were 
fear of blushing, anxiety about social occasions, and 
guilt feelings over sexual ruminations. 


Results 

Psychiatric Assessments.—These are shown in 
Table I. 

It is clear that no consistent effect was observed 
during the period of administration of dehydro- 
epiandrosterone. The number of positive and 
negative assessments recorded during the two 
periods are summarized in Table II]. Although the 


TABLE II 


NUMBER OF POSITIVE AND NEGATIVE BEHAVIOUR 
ASSESSMENTS RECORDED IN TABLE I 





Dehydro- 


Placebo epiandrosterone 


Total 





Number of positive 
assessments 

Number of negative 
assessments | 


22 26 | 


16 9 
Total | 38 35 
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total number of positive assessments is greater than 
the total number of negative ones this is probably 
of no significance and possibly reflects the design of 
the trial. At the end of the trial the psychiatrists 
and the subjects were asked to report whether, in 
retrospect, there was any difference between the 
first three weeks and the last three weeks. The 
psychiatrists and seven of the subjects reported no 
difference. One subject (H) reported that the 
tablets had helped him but he could not differentiate 
clearly between the two periods of three weeks. 


Weight Changes.—It was thought that weekly 
weight gains or losses of less than 3 lb. would be 
unlikely to be significant. Only two patients 
showed a weekly weight change of more than 3 Ib. 
Subject C lost 5 lb. during the fourth week, before 
he had received any dehydroepiandrosterone, and 
subject D lost 34 lb. during the third week of taking 
dehydroepiandrosterone. Thus at the end of the 
trial there was no significant change in weight com- 
pared with the pre-trial weights except in the case of 
subject C who had lost 8 Ib. 


Performance Tests.—One group of patients had 
placebo followed by dehydroepiandrosterone while 
the other had dehydroepiandrosterone followed by 
placebo. On a null hypothesis that dehydro- 
epiandrosterone would not affect performance in the 
tests one would expect the growth curves over the 
seven-week period of testing to be closely similar. 
The more similar the pattern of scores for these two 
groups the less likely is it that dehydroepiandro- 
sterone is affecting the patients’ performance. A 
product-moment correlation for Os of r = 0:96, was 
obtained, while on the clicker test r = 0-67. Both 
relationships are significant, and approximate to the 
reliability figures for the tests. It would seem from 
this that dehydroepiandrosterone was having no 
effect on performance which could be measured by 
these tests. 

There was no significant difference between the 
means and standard deviations for the two tests 
calculated from all the results obtained while the 
patients were receiving dehydroepiandrosterone 
compared with those calculated while the patients 
were receiving the placebo (Table III). 


TABLE III 


MEANS OF SCORES IN THE PERFORMANCE TESTS OF ALL 
PATIENTS 








| 0 Clicker 
Test Test 
= sl capensis 
Mean of scores while receiving dehydro- 
epiandrosterone 327 215 
Mean of scores while receiving placebo | 
tablets 335 213 








Discussion 

Dehydroepiandrosterone is quantitatively one of 
the major 17-ketosteroids in the urine and blood of 
normal humans. However, its biological function 
is still obscure. That it might possibly be involved 
in mental processes is suggested by reports that 
schizophrenics excrete more dehydroepiandrosterone 
than normal people (Mittelman, Romanoff, Pincus. 
and Hoagland, 1952; Reiss and Stitch, 1954) and by 
the variations in dehydroepiandrosterone excretion 
in patients with periodic psychoses. Thus the 
reports by Strauss and his colleagues and by the 
Italian workers that dehydroepiandrosterone is of 
use in the treatment of certain patients is of interes 
not only from the psychiatric point of view but also 
from the endocrinological aspect, especially since 
the doses used were within the physiological rather 
than the pharmacological range. Both the British 
and Italian psychiatrists have obtained effects with 
less than 10 mg. per day, the exact amount depending 
upon each individual patient, and both groups have 
reported the appearance of undesirable characteris- 
tics—increased irritability, excessive aggressiveness— 
on overdose. 

In view of the results reported by the above 
workers it was surprising that none of the eight 
patients treated by us responded to the dehydro- 
epiandrosterone. The reason for this is not at all 
clear. The patients were selected to comply as 
closely as possible with the description given by 
Strauss et al. of the type of patient they had found to 
be responsive. Despite this, all except one of the 
patients (subject H) in our series reported no 
subjective change, nor was there any response to the 
drug judged objectively in the series of interviews 
with a psychiatrist or in the tests of performance. 
This last finding would seem to be of some sig- 
nificance, for the performance tests appear to be 
sensitive to amphetamine and would probably have 
been affected by the changes reported by Strauss 
et al. had such changes taken place in our subjects. 

The changes in personality reported by Strauss 
and Stevenson (1955) were confirmed in some 
patients by use of the Rorschach test. This test has 
not been used in the present study. Our psycho- 
logical investigation has been orientated towards an 
assessment of productivity rather than personality. 

In the trials conducted by Strauss et a/. and the 
Italian workers the response to dehydroepi- 
androsterone was not compared with the response 
to placebo tablets although many patients had been 
treated with drugs, without benefit, before the trial 
of dehydroepiandrosterone. 

Since Strauss and his co-workers described only 
those cases which improved with dehydroepi- 
androsterone it is not possible to calculate what 





A CLINICAL TRIAL OF DEH YDROEPIANDROSTERONE 55 


proportion of their patients treated with dehydro- 
epiandrosterone responded to this substance. A 
similar criticism applies to the paper of Serra (1953). 
Zubiani and Laricchia (1953) have classified the 
response of their patients into five groups: 
(1) notable improvement, (2) distinct improvement, 
(3) slight improvement, (4) no change, and 
(5) deterioration. Excluding the group of schizo- 
phrenics, Out of 107 patients treated, 48 were in 
group 1, 35 in group 2, 15 in group 3, and 9 in 
group 4. No patients deteriorated while on treat- 
ment. Thus if one takes into account only those 
patients who showed a notable improvement then 
almost half of the patients treated fall into this group. 

It must be concluded that this trial has failed 
to reveal any therapeutic effect attributable to 
dehydroepiandrosterone, and although the number 
of patients studied has been small, on a statistical 
basis it would not be expected that the conclusion 
would be greatly different if a larger number of 
patients were studied. We do suggest, however, 
that the activity of dehydroepiandrosterone can only 
be decided when a properly controlled trial is per- 
formed on a large number of patients and with 
methods of evaluation of the behavioural state of 
the patient more specific than those which Strauss 
et al. or the Italian psychiatrists have employed. 


Summary 


The effect of dehydroepiandrosterone on eight 
psychiatric patients showing constitutional in- 
feriority, lack of confidence and social inadequacy 
has been investigated. 

This compound had no effect on behaviour judged 
objectively or subjectively nor did it affect the 
performance in two productivity tests. 


We wish to thank Dr. C. L. Hewett of Organon Ltd. 
for the dehydroepiandrosterone and placebo tablets and 
Professor A. Kennedy under whose care the patients 
were during the period of investigation. 
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The appearance of yet another rating scale for 
measuring symptoms of mental disorder may seem 
unnecessary, since there are so many already in 
existence and many of them have been extensively 
used. Unfortunately, it cannot be said that per- 
fection has been achieved, and indeed, there is 
considerable room for improvement. 


Types of Rating Scale 

The value of this one, and its limitations, can best 
be considered against its background, so it is useful 
to consider the limitations of the various rating 
scales extant. They can be classified into four 
groups, the first of which has been devised for use 
on normal subjects. Patients suffering from mental 
disorders score very highly on some of the variables 
and these high scores serve as a measure of their 
illness. Such scales can be very useful, but have 
two defects: many symptoms are not found in 
normal persons; and less obviously, but more 
important, there is a qualitative difference between 
symptoms of mental illness and normal variations 
of behaviour. The difference between the two is not 
a philosophical problem but a biological one. There 
is always a loss of function in illness, with impaired 
efficiency. 

Self-rating scales are popular because they are 
easy to administer. Aside from the notorious un- 
reliability of self-assessment, such scales are of little 
use for semiliterate patients and are no use for 
seriously ill patients who are unable to deal with 
them. 

Many rating scales for behaviour have been 
devised for assessing the social adjustment of 
patients and their behaviour in the hospital ward. 
They are very useful for their purpose but give little 
or no information about symptoms. 

Finally, a number of scales have been devised 
specifically for rating symptoms of mental illness. 
They cover the whole range of symptoms, but such 
all-inclusiveness has its disadvantages. In the first 
place, it is extremely difficult to differentiate some 
symptoms, e.g., apathy, retardation, stupor. These 
three look alike, but they are quite different and 
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appear in different settings. Other symptoms are 
difficult to define, except in terms of their settings, 
e.g., mild agitation and derealization. A more 
serious difficulty lies in the fallacy of naming. For 
example, the term “delusions”’ covers schizophrenic, 
depressive, hypochrondriacal, and paranoid de. 
lusions. They are all quite different and should be 
clearly distinguished. Another difficulty may be 
summarized by saying that the weights given to 
symptoms should not be linear. Thus, in schizo- 
phrenia, the amount of anxiety is of no importance, 
whereas in anxiety states it is fundamental. Again, 
a schizophrenic patient who has delusions is not 
necessarily worse than one who has not, but a 
depressive patient who has, is much worse. Finally, 
although rating scales are not used for making a 
diagnosis, they should have some relation to it. 
Thus the schizophrenic patients should have a high 
score on schizophrenia and comparatively small 
scores on other syndromes. In practice, this does 
not occur. 

The present scale has been devised for use only on 
patients already diagnosed as_ suffering from 
affective disorder of depressive type. It is used for 
quantifying the results of an interview, and its value 
depends entirely on the skill of the interviewer in 
eliciting the necessary information. The interviewer 
may, and should, use all information available to 
help him with his interview and in making the final 
assessment. The scale has undergone a number of 
changes since it was first tried out, and although 
there is room for further improvement, it will be 
found efficient and simple in use. It has been found 
to be of great practical value in assessing results of 
treatment. 


- = fF. &© GF’ 


Description of the Rating Scale 


The scale contains 17 variables (see Appendix 1). 
Some are defined in terms of a series of categories 
of increasing intensity, while others are defined by a 
number of equal-valued terms (see Appendix II). 
The form on which ratings are recorded also includes 
four additional variables: Diurnal variation, de- 
realization, paranoid symptoms, obsessional symp- 
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toms. These are excluded from the scale because the 
first is not a measure of depression or of its intensity, 
but defines the type of depression. The other three 
occur so infrequently that there is no point in 
including them. 

The variables are measured either on five-point 
or three-point scales, the latter being used where 
quantification of the variable is either difficult or 
impossible. No distinction is made between in- 
tensity and frequency of symptom, the rater having 
to give due weight to both of them in making his 
judgment. 

Various problems are to be found with specific 
symptoms. Thus considerable difficulty is found 
with the depressive triad: depressive mood, guilt, 
and suicidal tendencies. These are so closely linked 
in description and judgment as to be very difficult to 
separate. It is very important to avoid the halo effect 
by automatically giving all of them high or low 
scores, aS the case may be. 


Depressed Mood.—This tends to have a narrow 
range of scores, for no diagnosed patients will score 
zero and few will score 1 or 4. The most useful 
indicator for depressed mood is the tendency to 
weep, but it must always be considered against the 
cultural background, and patients may also “go 
beyond weeping”. 

Suicide.—An attempt at suicide scores 4, but such 
an attempt may sometimes occur suddenly against a 
background of very little suicidal tendency; in such 
cases it should be scored as 3. There will be great 
difficulty sometimes in differentiating between a 
real attempt at suicide and a demonstrative attempt; 
the rater must use his judgment. 


Work and Loss of Interest.—Difficulties at work 
and loss of interest in hobbies and social activities 
are both included. The patient who has given up 
work solely because of his illness is rated 4. 


Retardation.—A grade 4 patient is completely 
mute, and is therefore unsuitable for rating on the 
scale. Grade 3 patients need much care and patience 
to rate, but it can be done. 


Agitation.—This is defined as restlessness asso- 
ciated with anxiety. Unfortunately, a five-point 
scale was found impracticable, and therefore this 
variable is rated on a three-point scale. The mildest 
degrees of agitation cause considerable difficulty. 


Gastro-intestinal Symptoms.—These occur in con- 
nexion with both anxiety and depression. Con- 
siderable clinical experience is required to evaluate 
them satisfactorily. The definitions given have been 
found very useful in practice. 


General Somatic Symptoms.—In depressions these 
are characteristically vague and ill defined, and it is 


extremely difficult to get a satisfactory description of 
them from the patient. 


Hypochondriasis.—This is easy to rate when it is 
obviously present, but difficulties arise with mild 
hypochondriacal preoccupations. Phobias of spe- 
cific disease can cause difficulties. A phobia of 
venereal disease or of cancer will sometimes be 
rated under “‘guilt’” by the nature of the symptom, 
but other cases may give rise to much doubt and 
judgment requires care. Fortunately, phobias are 


not common, but the whole subject of hypochon- 
driasis could well repay clinical investigation. 


Insizht.—This must always be considered in 
relation to the patient’s thinking and background 
of knowledge. It is important to distinguish be- 
tween a patient who has no insight and one who is 
reluctant to admit that he is “‘mental’’. 


Loss of Weizht.—Ideally this would be measured 
in pounds or kilograms, but few patients know their 
normal weight and keep a check on it. It was 
therefore necessary to use a three-point scale. 

After recovery from depression, some patients 
sometimes show a brief hypomanic reaction, during 
which the exuberantly cheerful patient will deny that 
he has any symptoms whatever, though he is ob- 
viously not to be regarded as normal. In such cases, 
the rating scale is inapplicable and should be 
delayed until the patient has fully recovered. 


Scoring 

It is particularly useful to have two raters in- 
dependently scoring a patient at the same interview, 
since this gives data for calculating the inter- 
physician reliability. The score for the patient is 
obtained by summing the scores of the two 
physicians. This is, of course, the best way of 
learning how to use the scale, Where only one rater 
uses the scale, the scores should be doubled so as 
to make them comparable. With sufficient ex- 
perience, a skilled rater can learn to give half-points. 


Results 


For two raters, the correlation between summed 
scores for the first 10 patients was 0°84. Adding 
successively 10 patients at a time, the correlation 
changed to 0-84, 0-88, 0-89, 0-89, 0-90, 0-90. The 
last correlation is therefore total for 70 patients. 

Product-moment correlations were calculated for 
the 17 variables on the first 49 male patients 
(Table 1). The correlation matrix was then factor- 
analysed by extracting the latent roots and vectors 
(Table II). As the intercorrelations are in general 
low because of the intense selection of patients, the 
latent roots (variances extracted by factors) diminish 
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TABLE I 
CORRELATION MATRIX OF THE SCALE FOR DEPRESSION 
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1 Depressed mood 1-0 | 0-491 | 0-373 | 0-082] 0-236] 0-140] 0-362 
2 Guill 1-0 | 0-522 |—0-049|—0-048| 0-121 | 0-358 
3 Suicide | 1-0 0:043/ 0-098 |—0-073| 0-016 
4 Insomnia, initial |} 1:0 0-199} 0-309} 0-130 
5 middle 1-0 0-054} 0-035 
6 delayed 1-0 0-17 
7 Work and interests | 1-0 
8 Retardation 
9 Agitation 
10 Anxiety, psychic 
11 somatic 
12 Somatic, gastro- 

intestinal 
13 Somatic general 
14 genital 
1S Hypochondriasis 
16 Insight 
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TABLE II 
FACTOR SATURATIONS AND LATENT ROOTS 


TABLE IV 
SATURATIONS OF ROTATED FACTORS 





Condition Factor 1 | Factor 2 | Factor 3 | Factor 4 


(1) Depressed mood 





;——_—_—___— feel oe 


0-763 |—0-172 | 0-103 | O-ISI 








(2) Guilt | 0-728 0-156 | 0-341 |—0-138 
(3) Suicide | 0-531 |—0-311 | 0-283 | 0-122 
(4) Insomnia, initial | 0-207 0-614 —0-208 —0-025 
(5) a middle | 0-284 0-363 —0-081 0-639 
(6) ve delayed | 0-338 0-371 |—0-304 |—0-340 
(7) Work and interests | 0-458 0-275 0-043 0-134 
(8) Retardation 0-683 |—0-371 —0:253 | 0-224 
(9) Agitation |\—0:034 | 0-539 0-503 | 0-032 
(10) Anxiety, psychic | —0-373 0-326 0-557 | 0-072 
(il) es somatic |—0-403 0-250 0-480 0-421 
(12) Somatic, gastro- | 
intestinal | 0-282 0-674 —0:395 |—0-010 
(13) - general | 0-087 0-245 0-356 0-628 
(14) Genital | 0-474 0-139 0-397 | 0-225 





(15) Hypochondriasis 
(16) Insight 
(17) Loss of weight 


0-157 | 0-367 | 
0-603 | 0-107 | 
0-353 | 0-439 | 

Western - 


3-4358 | 2-3439 


0-117 0-144 
0-204 0-173 
0-214 |—0-192 





1:7496 | 1-3658 


Latent root 





slowly. Out of the total variance of 17, the first six 
roots take up 3-44, 2-34, 1-75, 1-37, 1-28, 1-07, 0-99. 
The first four factors were used for calculating factor 
measurements for the patients, in the form of 
T-scores. 

For the interest of those factorists who have a 
taste for factors rotated to give simple structure, 
the first three factors were rotated by an orthogonal 
rotation matrix (Table III) to give the results shown 
in Table IV. The fourth factor was left as it is, as 
it already has a fair number of near-zero saturations. 
The final saturations give a good approximation to 
simple structure and still retain the advantage of 
orthogonality. 


TABLE III 
ORTHOGONAL ROTATION MATRIX 








Factor Matrix 
F, 0-7377 0-4932 —0-4610 = 
F, —0-4182 0-8699 0-2614 
F, 0-5300 0 0-8480 





Condition Factor | | Factor 2 | Factor 3 | Factor 4 


(3) Suicide 


| 0-672 0009 | —0:086 | 012 
(14) Genital 0-618 0-113 0-081 0-225 
(2) Guilt | 0-783) | 0-224 | 0-087 0:138 
(8) Retardation 0:525| | 0-014 |- 0-620 0-224 
(1) Depressed mood | | 0-690; | 0-227 | |-0-309 0-151 
(12) Somatic, gastro- | a | 
intestinal | |—0-283| | | 0-725 | | | -0-288| | - 0-010 
(16) Loss of insight | | 0-508] | | 0-401 | | |-0-077 | 0173 
(4) Insomnia, initial | 0-214 | | 0-637 } | |-O-1n1 0-025 
(3)  ., middle | 0-015 | | 0-456 | | |-0-105 || 04 
(7) Work and interests | 0-245 | | 0-466 | 0-102 || -0-134 
(15) Hypochondriasis | 0-024 0-397 | 0-123 0°144 
(17) Loss of weight | 0-190 | | 0-556 ||| 0-133 0-192 
(6) Insomnia, delayed | —0-067 | | 0-490 O-51/ 0-340 
(9) Agitation 0-016 | | 0.453 || 0-583 0-032 
(10) Anxiety, psychic 0-117 | 0-100 | 0-730 0-072 
(il) ss somatic | —0-148 0-019 0-658 0°421 
Somatic, general | —0°227 0-256 0-278 0-628 








Factor Saturations.—It is customary to examine 
the factor saturations in order to give an appropriate 


name to the factors. When all the variables are 
positively correlated, the general factor may be 
regarded as an overall average of the items; but 
when, as in this case, a group of the variables is 
negatively correlated with the rest, this notion of an 
average becomes a little tenuous. Be that as it may, 
there would be little objection to the proposal to call 
the first factor ‘‘retarded depression” on the basis 
of its factor saturations. The important ones are, 
in descending order, depressed mood 0-76, guilt 0-73, 
retardation 0-68, loss of insight 0-60, suicide 0-53, 
genital symptoms (loss of libido) 0-47, work and 
interest 0-46, anxiety (somatic) 0:40, anxiety 
(psychic) 0-37, loss of weight 0-35, and insomnia 
(delayed) 0-34. The correspondence with the 
classical descriptions is remarkably close. The 
saturations in the second factor are: Somatic symp- 
toms (gastro-intestinal) 0-67, insomnia (initial) 0-61, 











$0) 
ins 


A RATING SCALE FOR DEPRESSION 59 


agitation 0°54, loss of weight 0-44, retardation 0-37, 
insomnia (delayed) 0-37, insomnia (middle) 0-36, 
hypoci:ondriasis 0°37, anxiety (psychic) 0-33, and 
suicide 0-31. It might be said to be vaguely like 
agitated depression, which clinically shows anxiety 
and agitation, together with disturbed sleep (par- 
ticularly initial insomnia), but the factor is deficient 
in depression, the first factor having taken 
out most of the depressive variance. The third 
factor might be called some sort of anxiety reaction, 
with saturations of anxiety (psychic) 0-56, agitation 
0:50, anxiety (somatic) 0-50, genital (loss of libido) 
symptoms 0-40, gastrointestinal symptoms — 0-39, 
general somatic symptoms — 0-36, guilt 0:34, and 
insomnia (delayed) — 0-30. The fourth factor has 
saturations of insomnia (middle) 0-64, general 
somatic symptoms 0-63, anxiety (somatic) 0-42, and 
insomnia (delayed) — 0-34. It is difficult to attach 
any label to the third and fourth factors, as they do 
not bring any clinical pattern to mind. 

The situation is no better with the rotated factors. 
Factor I is still very much like retarded depression, 
but the negative saturation for gastrointestinal 
symptoms strikes a most incongruous note. Factor 
Il shows many somatic symptoms and disturbed 
sleep, but the presence in the factor of agitation 
without anxiety is disturbing. It cannot be regarded 
as a factor of objective symptoms, as opposed to 


subjective, since it includes loss of interest and 


insight. Factor III could be named “anxiety 
reaction’, but the negative saturations of depression 
and loss of insight must disqualify any attempt to 
relate it to clinical syndromes. The fourth factor 
has been left unrotated. 

It is not surprising that the classical clinical 
syndromes have not appeared from the factor 
analysis, since this technique is incapable of demon- 
strating them. It would appear from the literature 
that psychologists have hoped that factor analysis 
would elicit the classical syndromes, and perhaps 
even additional ones, but in practice this does not 
occur. The clinical syndromes are mutually ex- 
clusive, i.e., a patient can be ill with endogenous 
depression, or reactive depression, or schizophrenia, 
etc., but not from two or more. Of course, there 
are always patients who diagnostically are doubtful 
in-betweens. On the other hand, factors are 
orthogonal, and any individual patient can have 
high scores in two or more factors, or conversely, 
low scores. The discrepancy between clinical 
syndromes and factors is even greater when cor- 
related factors are obtained by non-orthogonal 
rotations, for with such factors, patients will tend 
to score high or low in all factors simultaneously. 

The appropriate statistical technique for describ- 
ing the clinical syndromes in terms of quantified 


variables is that of discriminant functions. These 
divide the multidimensional space into regions, the 
centres of which characterize the typical case, and 
the meeting of the regions, the “interfaces”, are the 
sites where are located the atypical, anomalous, or 
half-way cases. Since this procedure requires the 
initial establishment of criterion groups, already 
diagnosed, it cannot therefore be used to find 
syndromes. It can be used to test the (null) hypo- 
thesis that the syndromes are not distinct, and to 
identify new cases. 


Factor Measurements 


Another way of investigating the nature of the 
factors is to consider the individuals who have high 
scores on the factors:— 


Factor 1.—A man aged 39 years (Case 39) had factor 
scores of F, 76, F, 37, F, 49, and F, 52. 

This patient was admitted to hospital after two 
attempts at suicide, first by electrocution, and, when this 
failed, by an overdose of phenobarbitone. No psycho- 
logical precipitating factors were found. On admission 
he was severely depressed and still actively suicidal. He 
had strong feelings of guilt, and feared that he had 
acquired venereal disease and was infecting others with 
it. He was markedly retarded and showed loss of 
insight. His sleep was disturbed in all three phases, he 
had no interest in anything and had complete loss of 
libido since the onset of his illness four months pre- 
viously. His symptoms cleared with six courses of 
electroshock treatment (E.C.T.). Two weeks later he 
suddenly relapsed and attempted to cut his wrists with 
a broken tumbler. He again recovered with a further 
course of E.C.T. and has remained well ever since. 

This case was one of classical endogenous depression. 


Case 24.—A man aged 54 had factor scores of F, 64, 
F, 51, F, 44, and F, 50. 

This patient developed symptoms of anxiety two years 
ago, accompanied by impotence. As a result of physical 
illness, he had to change his job to one much less satis- 
factory and with less pay. He worried excessively over 
this and over his health, and became very depressed. 
He was given E.C.T. as an out-patient, improved and 
returned to work for three months. He was twice 
admitted to hospital, refused E.C.T., and discharged 
himself. Eventually he agreed to accept E.C.T. but com- 
mitted suicide just before he was due to attend for 
treatment. When in hospital he was deeply depressed, 
had some guilt feelings, suicidal thoughts, and moderate 
retardation. He had difficulty in falling asleep and woke 
in the early hours. He showed loss of interest and of 
libido. He lacked insight, had lost weight, and com- 
plained of vague bodily symptoms. He showed little 
anxiety but was preoccupied with his health and his 
future prospects. 

Psychological precipitating factors cannot be excluded, 
but the overall picture is that of endogenous depression. 


Factor 2.—A man aged 62 years (Case 61) had factor 
scores of F, 32, F, 54, F, 37, and F, 38. 
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This patient had been off work for 11 years for “*bad 
nerves” following an accident at work. He had many 
hypochondriacal complaints and had undergone many 
fruitless investigations. Four years ago, he was admitted 
to hospital for severe depression with delusions and 
hallucinations. This cleared after E.C.T. He was 
readmitted a year ago, diagnosed as a case of reactive 
depression, and improved slowly under general treat- 
ment. He was discharged after three months. His 
condition fluctuated and eventually he was readmitted, 
given six courses of E.C.T. and showed marked im- 
provement. He was discharged and remained well. 
His symptoms were of moderate depression, without 
feelings of guilt or suicidal ideas. He had difficulty in 
falling asleep and awoke early. He showed nmaoderate 
loss of interest, anxiety, both psychic and somatic, and 
suffered from poor appetite and constipation. He was 
diagnosed as a case of reactive depression, but the 
relation of the illness to psychological precipitating 
factors is not certain. 


Case 17.—A man aged 72 years had factor scores of 
F, 48, F, 65, F, 43, and F, 45. 

There was a long history of abdominal complaints, 
but investigations found nothing to account for them. 
A year ago the patient became obviously depressed and 
was admitted to hospital. He showed moderate de- 
pression, guilt, and some suicidal preoccupations. His 
sleep was disturbed in all three phases. He showed loss 
of interest, some agitation, severe hypochondriasis, and 
considerable anxiety. His appetite was poor, his bowels 
were constipated, and he had lost weight. Because of 
the poor state of his heart, he was not given E.C.T. He 
improved slowly, finally discharging himself against 
advice. Eventually he was admitted to a general hospital 
and died from cancer of the lung. 

The clinical picture is that of reactive depression, but 
the psychological precipitating factors are doubtful. 


Factor 3.—A man aged 61 years (Case 2) had factor 
scores of F, 41, F, 38, F; 63, and F, 44. 

The patient had a history of several attacks of de- 
pression, the last one precipitated by the deaths of his 
wife and daughter. The course of the illness was 
fluctuating, and the patient showed a poor response to 
E.C.T. He showed marked depression, guilt, suicidal 
thinking, retardation, loss of interest, and grossly 
disturbed sleep. Eventually he recovered and has 
remained well. 


Case 45.—A man aged 53 years had factor scores of 
F, 60, F, 55, F, 78, and F, 52. 

The patient had had one previous attack of depression 
four years before. Two years ago, the patient again fell 
ill, and his symptoms have fluctuated considerably. In 
hospital he showed much depression, guilt, and loss of 
interest, much anxiety and agitation, loss of libido and 
loss of insight. He is a rather inadequate personality 
and his present illness began when he was offered a post 
which involved greater responsibility. 


Both of these patients have had previous attacks 
of depression, characteristic of an endogenous type 
of disorder, but in both cases, there were obvious 


psychological stresses to account for the onset of 
the present attack. In the first, the symptoms were 
of the endogenous (retarded) type, and in the secong 
of the reactive (agitated) type. Clinically, theg 
patients are very unlike, but the factor scores pick 
them out on account of their resemblance; what 
this is, is not clear. 

Since the factors are derived from a limited 
number of cases, the fourth factor is of very doubtfy 
stability. (The question of statistical significance 


is ignored for the moment.) Nevertheless, it is of 
considerable interest. Both of the following patients 
showed depression with much anxiety, disturbance 
of sleep and many somatic symptoms, but it is the 
background to the illness that is noteworthy. 


Factor 4.—A man aged 51 years (Case 62) had factor 
scores of F, 39, F, 41, F, 56, and F, 71. 

This patient was a hard worker, but could not restrain 
his heavy drinking and gambled heavily. These caused 
considerable marital discord. When temporarily out of 
work after an accident, he stole money from his daughter 
to continue his “hobbies”. He went off to London, 
stayed in a hotel and decamped without paying. When 
he eventually returned home, he heard that the theft had 
been reported to the police. He became desperate, and 
after a few days attempted to gas himself and was 
admitted to hospital. His condition cleared after E.C.T 

Case 7.—A man aged 44 years had factor scores of 
F, 34, F, 44, F, 58, and F, 71. 

This patient came from a disturbed parental home 
where he had been rejected and deprived. He has 
always been an odd personality with marked neurotic 
traits and paranoid attitudes. He served in the Royal 
Air Force for nine years, during which he was repeatedly 
delinquent and resistant to authority. Eventually he 
was discharged for “‘psychoneurosis”. His subsequent 
occupational history is irregular, with frequent loss of 
jobs because of quarrelling. He always feels that others 
are against him. He has not worked for years, has shown 
much anxiety and in the last six months became depressed, 
being finally admitted to hospital. He improved a little 
after E.C.T. but relapsed, subsequently recovering 
spontaneously. 


Both of these patients have obviously abnormal 
personalities, although it would be an exaggeration 
to describe them as psychopathic personalities. It 
has long been recognized that abnormal person- 
alities, particularly of the hysterical type, are liable 
to attacks of depression, and it is of great interest 
that such patients should be picked out by reason 
of the pattern of symptoms of their depression. 
Nevertheless, the present findings should not be 
regarded as more than suggestive and worthy of 
further investigation. 

Another way of tackling the relation between 
factors and clinical syndromes is to take groups of 
clinically identified patients and compare their mean 
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factor nicasurements. Since this is purely a clinical 
problen: and involves other matters, it is reported 
elsewhere (Hamilton and White, 1959). 

Tests of significance have not been applied to 
these factors. It seems likely that even the smallest 
factor would become statistically significant if a 
sufficient number of patients were tested, and the 
ratings were repeated often enough to make the 
| individual variables highly reliable. The value of 
factors lies in their use. In this connexion, although 
the data for the factor analysis were derived from 
49 patients, the regression equations were used on 
the ratings obtained from 64 patients investigated 
for other purposes. Of these 64 patients, 49 were 
followed up after treatment (not the same 49). The 
correlation between factor measurements and total 
crude score after treatment is for F, 0-23, for F, 0-17, 
for F, 0:27, and for F, — 0-09. Although F; has no 
obvious clinical or psychological meaning, it is the 
only one of the factors to be correlated with out- 
come after treatment at a significance level of just 
over 5°%%. This is not much, but a large correlation 
with outcome is not to be expected in such a highly 
selected group of patients (Hamilton and White, 
1959). Furthermore, 16 out of the 49 cases followed 
up are new cases, so that some of the shrinkage to 
be expected in a cross-validation group has already 
occurred. (The situation is not quite the same as 
when a multiple correlation is calculated, but F, has 
been picked out because it has the highest correla- 


tion with outcome. Herein lies the interest of this 


factor.) 


Summary 

A rating scale is described for use in assessing the 
symptoms of patients diagnosed as suffering from 
depressive states. The first four latent vectors of 
the intercorrelation matrix obtained from 49 male 
patients are of interest, as shown by (a) the factor 
saturations, (b) the case histories of patients scoring 
highly in the factors, and (c) the correlation between 
factor scores and outcome after treatment. The 
general problem of the relationship between clinical 
syndromes and factors extracted from the inter- 
correlations of symptoms is discussed. 
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APPENDIX I 


ASSESSMENT OF DEPRESSION 





Symptom 


Depressed mood 

Guilt 

Suicide 

Insomnia, initial 
° middle 
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. delayed 

Work and interests 
Retardation 
Agitation 
Anxiety, psychic 

ee somatic 
Somatic symptoms, gastrointestinal 
general 
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Genital symptoms 
Hypochondriasis 
Loss of insight 
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Diurnal variation < -y 


Depersonalization, etc. 
Paranoid symptoms 
Obsessional symptoms 
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Grading 





Absent 

Mild or trivial 
» Moderate 

Severe 

Absent 


Slight or doubtful 
Clearly present 
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APPENDIX II 


CHECK LIST OF SYMPTOMS OF DEPRESSIVE STATES 





Range of 
Scores 


Symptom 


Item 
No. 


Range of 
Scores 


Symptom 








0-4 





Depressed Mood 
Gloomy attitude, pessimism about the 
future 
Feeling of sadness 
Tendency to weep 
Sadness, etc 
Occasional weeping 
Frequent weeping ...... 
Extreme symptoms 
Guilt 
| Self-reproach, feels he has let people down 
Ideas of guilt 
| Present illness is a punishment 
Delusions of guilt 
| Hallucinations of guilt 
Suicide 
| Feels life is not worth living 
Wishes he were dead 
| Suicidal ideas 
| Attempts at suicide 
Insomnia, initial 
Difficulty in falling asleep 
Insomnia, middle 
Patient restless and disturbed during the 
night 
Waking during the night 
Insomnia, delayed 
Waking in early hours of the morning 
and unable to fall asleep again 
Work and Interests 
Feelings of incapacity 
Listlessness, indecision and vacillation 
Loss of interest in hobbies 
Decreased social activities 
Productivity decreased 
Unable to work 
Stopped working because of present 
illness only 4 
(Absence from work after treatment or 
recovery may rate a lower score.) 
Retardation 
Slowness of thought, speech, and activity 
Apathy 
Stupor 
Slight retardation at interview .. | 
Obvious retardation at interview 2 
Interview difficult 3 
Complete stupor 
Agitation 
Restlessness associated with anxiety 
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Anxiety, psychic 
Tension and irritability 
Worrying about minor matters 
Apprehensive attitude 
Fears 
Anxiety, somatic 
Gastrointestinal, wind, indigestion 
Cardiovascular, palpitations, headache 
Respiratory, genito-urinary, etc. 
Somatic Symptoms, Gastrointestinal 
Loss of appetite 
Heavy feelings in abdomen 
Constipation 
Somatic Symptoms, General 
Heaviness in limbs, back, or head 
Diffuse backache 
Loss of energy and fatiguability 
Genital Symptoms 
Loss of libido 
Menstrual disturbances 
Hypochondriasis 
Self-absorption (bodily) 
| Preoccupation with health 
Querulous attitude 





+ Hypochondriacal delusions 
Loss of Weight 
Insight 
Loss of insight 2 
Partial or doubtful loss 1 
No loss 0 
(Insight must be interpreted in terms 
of patient’s understanding and _back- 
ground.) 
Diurnal Variation 
Symptoms worse in morning or evening 
Note which it is. 
Depersonalization and Derealization 
Feelings of unreality oe 
Nihilistic ideas Specify 
Paranoid Symptoms 
Suspicious ) 
| Ideas of reference | Not with a 
| Delusions of reference and > depressive 
persecution |} quality 
| Hallucinations, persecutory 
Obsessional Svmptoms 
Obsessive thoughts and compulsions 
against which the patient struggles 








J. Neurol. Neurosurg. Psychiat., 1960, 23, 63. 


CLINICAL AND ELECTROMYOGRAPHIC STUDIES OF 
“SPINAL REFLEXES ”? IN PREMATURE AND FULL-TERM INFANTS 


BY 
‘ ‘ 
I. FENYES, Ch. GERGELY, and Sz. TOTH 
From the Institute of Neurosurgery and the Schépf-Merei Hospital, Budapest 


After the fundamental animal experiments of 
Sherrington (1910) and Graham Brown (1913, 1916) 
the occurrence of so-called “‘reflexes of medullary 
automatism” or simply “spinal reflexes” in human 
beings has been discussed by many authors (Marie 
and Foix, 1912; Walshe, 1914; BOhme, 1916, 1919; 
Foerster, 1936; and others). There seems to be 
general agreement that these reflexes occur in adults 
in pathological conditions exclusively. But there is 
a great difference between the possibility of eliciting 
the flexion and the extension reflexes, since the 
flexion reflex can be elicited in cases of a com- 
pletely divided spine in human beings relatively 
early after the injury, whereas the extension reflex 
appears only years after verified medullary division, 
and only recently have proper measures been taken 
to ensure the survival of such patients for sufficient 
periods of time (Kuhn and Macht, 1949; Kuhn, 
1950). 

The situation is, however, not quite the same with 
less developed nervous systems, such as those of 
premature and full-term infants, since some authors 
claim that there are spinal reflexes in infants even 
under normal conditions (Stengel, 1945; André- 
Thomas and Saint-Anne Dargassies, 1952; Peiper, 
1956), whereas, according to Brudzinski (1908), they 
are present only in pathological states. As the 
methods employed for studying these reflexes are 
different, it is very difficult to compare the results 
obtained by the different authors. We have, there- 
fore, endeavoured to find a method by which such 
reflexes may be regularly elicited, and consider that 
premature infants are particularly suitable for such 
studies as in them the central nervous system is the 
least developed. First of all, we wanted to know 
whether there existed a method by which these 
reflexes could be elicited as a rule in the very early 
phase of nervous development, and if so, where was 
the limit beyond which these reflexes disappear in 
the course of ontogenetical development or become, 
at least, latent clinically, as has been demonstrated, 


e.g., by Wegener (1927), for the crossed adductor 
reflex. 

The electromyographic studies supplementing 
these investigations facilitated a more detailed 
analysis of the phenomena observed, and also made 
clinically undetectable phenomena demonstrable. 


Methods 


We wish to emphasize that the results obtained 
in reflex studies, especially for the extremely un- 
steady nervous system of infants, depend to a great 
extent not only on the method employed but also 
on its proper evaluation. Moreover, it may be 
difficult to differentiate between the expected re- 
actions and the eventually very similar spontaneous 
motor activity. For this reason, such reactions can 
only be relied on if they can be elicited repeatedly. 
Also the position of the limb in question has a 
considerable influence. Furthermore, pain reactions, 
e.g., crying, may cause general muscular spasms, 
which check the elicitability of the reflexes. 

To elicit spinal reflexes we employed four methods, 
three of which have been described in the literature. 
They are (1) passive flexion or extension of the leg; 
(2) light touch applied on proximal areas of the leg, 
inguinal region, genitals, and perineum; (3) strong 
pinprick on the sole. All these stimuli may elicit 
essentially either a flexion or an extension type of 
reflex, these being the two principal patterns of spinal 
reflexes. Thus, passive flexion or extension will elicit 
contralaterally either an identical or an opposite 
motor effect, i.e., flexion or extension, light touch, 
homolateral extension, pinprick, homolateral flexion 
and contralateral extension. 

The fourth technique of eliciting the crossed 
extension reflex has been mentioned by Fulton 
(1949) in connexion with animal experiments and 
we have applied it to humans. It involves strong 
pressure exerted on that point of the femoral nerve 
where it leaves the inguinal canal. The reflex 
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response to be expected is an extension of the con- 
tralateral, less often of the homolateral, leg. It 
should be pointed out that the reflex response has 
various grades, because the extension may be full or 
partial, as determined from the angle of the knee 
joint, rectilinear, obtuse, right, and sharp angle, 
respectively. As the reflex itself is a variant of the 
crossed extension reflex, it seems reasonable to 
designate it in clinical practice the “‘crossed inguinal 
extension reflex”’. 


All of the following four techniques were employed 
in each case studied. 

The electromyograms were recorded by Kaiser’s eight- 
channel E.E.G. apparatus. With the eliciting of the 
reflex, i.e., pressure on the femoral nerve, the time signal 
ceases during the time of stimulation and reappears 
afterwards. The recording of the stimulation was not 
automatic, as it was not the purpose of the present in- 
vestigation to study time-relations of the reflex responses. 
Thus, the time signal was recorded in response to a 
verbal signal given from the examiner. Hence, some 
shifting on the curve could not be avoided without dis- 
turbing the observations made on the muscle contraction 
or the potential changes. The electromycgrams seldcm 
show complete quietness before and after the muscle 
contractions, which can be explained by the nature of 
our material. The electrodes were co-axial and superficial 
needles with leads applied to the extensor quadriceps 
femoris, the hamstring muscles, the tibialis anterior, and 
the gastrocnemius. 


Results 

Except for a few adults, the test subjects were 
practically normal premature and full-term infants. 
The premature infants were examined shortly after 
delivery, the full-term ones from 1 or 2 days of age 
until 1 year. 

The total number of premature infants examined 
was 90, of whom 71 were tested within 24 to 48 hours 
of delivery and 19 under 1 year of age. Eighty-two 
full-term infants were studied, 34 as neonates and 
48 in the course of the first year of life. 

The results may be outlined as follows. Tech- 
niques 1, 2, and 3 elicited spinal reflexes, notably the 
crossed extension reflex, only occasionally and even 
then in the form of a mild extension only. In contrast 
technique 4 was remarkably efficient and reliable, 
because in the majority of both premature and full- 
term infants this reflex could be elicited promptly 
and repeatedly in the form of a marked extension. 
There was still, however, a difference between the 
two groups. Premature infants almost invariably 
responded with a full extension, whereas full-term 
ones showed this grade of response only in about one- 
quarter of the cases, the rest showing some of the 
lower grades, most often three-quarters extension. 

Studies on infants under 1 year of age revealed 
that in the course of the first year of life the reflex 
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ceased to be obtainable in a clinically manifest form 
except in exceptional cases. However, there was a 
difference between the two categories, in that the 
reflex disappeared soon after the newborn age jn 
the full-term group, whereas it could be elicited jp 
premature infants until about | year of age usually 
in some of the lower grade responses. 

To sum up, with our technique the crossed ip. 
guinal extension reflex can be elicited in most full 
term and premature newborn infants in the form of 
full extension, in the former in a lower grade res. 
ponse, in premature infants under | year of age in 
a lower grade response, and in full-term infants 
under | year of age only in exceptional cases. 

In normal adults we could not elicit the reflex ina 
clinically manifest form with our technique. 

The clinical appearance of the crossed inguinal 
extension reflex showed that in most cases the full 
extension of the leg in the hip and the knee was 
accompanied by dorsal flexion of the foot and toes, 
chiefly of the big toe. In the electromyographic 
curve this was shown by the synchronous electrical 
activity of both extensors and flexors, in the thigh by 
the quadriceps femoris and the hamstring muscles, 
below the knee by the tibialis anterior and the 
gastrocnemius. Thus, antagonistic muscles con- 
tracted at the same time, one group of muscles was 
sometimes more active than the other, but not 
always the same group. So when the crossed inguinal 
extension reflex is elicited in one case the extensors 
of the knee and the plantar flexors of the foot are 
activated, and in another the flexors of the knee 
and the dorsal flexors of the foot. With the elicita- 
tion of the flexion reflex it was vice versa. 


Discussion 


Our investigations have shown that reflexes of the 
so-called “‘medullary automatism”’, i.e., the flexion 
and extension reflexes, in particular the crossed 
extension reflex, which occur in adults in patho- 
logical conditions only can be elicited in infants by a 
proper technique under normal conditions, but only 
in a very low grade of nervous development. In our 
premature cases the upper weight limit was 2,200 g., 
the lower 600 g., but no substantial difference could 
be found between the different weight groups in the 
ability to elicit the reflex. However, the reflex 
undergoes an alteration during ontogenetical de- 
velopment, since later it appears not in the form of 
full extension but in the form of diminished exten- 
sion. Thus, in newborn premature infants the 
crossed inguinal extension reflex can be elicited in 
the form of full extension, but later the reflex 
gradually disappears. Full-term newborn infants, 
whose nervous development is higher, show the 
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“SPINAL REFLEXES” IN INFANTS 
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Fic. 1.—Elicitation of the crossed inguinal extension reflex from 
left to right in normal premature infant. 


Fic. 2.—Elicitation of the crossed inguinal extension reflex from right 
to left in a normal premature infant. 
































Fic. 3.—Electromyogram of the crossed inguinal extension reflex of a normal 
premature infant. Ext.=extensor; Fl.=flexor. 


reflex, but only in about one-quarter of the cases in 
the full form, the majority showing lower grade res- 
ponses. Since it takes several weeks for the premature 
infant to reach the degree of ontogenetical develop- 
ment comparable to that of the full-term infant the 
gradual disappearance of the reflex in the form of 
lower grade responses will be noticeable in the course 
of the first year of life. 

Our results do not compare readily with those 
published by other authors, because our technique 
has not been applied to human beings before. 
André-Thomas and Saint-Anne Dargassies (1952) 
elicit the crossed extension reflex (‘‘allongement 
croisé”) by pinprick in full-term infants and describe 
flexion of the leg as the first. phase, followed by 
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extension and adduction. According to them, the 
reflex is already changing during the first postnatal 
month and later it is restricted to the flexion phase. 
Although we could elicit the reflex in question by 
this method only exceptionally, the data for the 
disappearance of the reflex reported by them are 
essentially the same as ours. 

The extensive neurological studies on premature 
infants carried out by Saint-Anne Dargassies (1955) 
include the crossed extension reflex. According to 
her, in the period corresponding to the fifth or 
sixth months of pregnancy the reflex can be elicited 
in a rudimentary form, or not at all, becoming 
readily excitable only during the seventh month of 
pregnancy. 
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Fic. 4.--Electromyogram of the homolateral inguinal extension reflex of a normal 


premature infant. 


























Fic. 5.—Electromyogram of the crossed inguinal 
extension reflex of a normal premature 
infant (another case). 
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Brudzinski (1908) observed both the crossed 
extension and flexion reflexes in children exclusively 
in pathological conditions, eliciting them by a strong 
passive flexion of the contralateral leg. In contrast, 
Peiper (1956) claims that the crossed flexion reflex 
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Fic. 6.—Electromyogram,of the crossed inguinal 
extension reflex of a normal premature 
infant (another case). First: contraction 
of the flexor, when it ceased; contraction 
of the extensor. 
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can be elicited in every normal newborn and it 
disappears during the seventh month of life (Stengel, 
1945). We are unable to confirm these data and 
share, therefore, the view put forward by Brudzi‘iski 
(1908) because we did not find that we could eiicit 





“SPINAL REFLEXES” IN INFANTS 





——o 


Ext. 
Aik ied le anatanaiate s Laaee 


_—_— 


1p arene 





—— 











ee ee 





Fic. 7.—Electromyogram of the crossed inguinal 
extension reflex of a normal premature 
infant (another case). First: contraction 
of the flexor, which does not cease when the 
contraction of the extensor is beginning. 
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these reflexes in normal infants by strong passive 
flexion. 

Although the technique of eliciting the “Leisten- 
heugereflex”’ (inguinal flexion reflex) described by 
Peiper (1941) is similar to ours, it is different in 
nature, both as regards the response and the sig- 
nificance. Here, too, strong pressure is to be exerted 
on the inguinal canal, either on one side or simul- 
taneously on both sides. The reflex response is very 
similar to that of Brudzinski’s “‘nape-reflex”’ (quick 
flexion of hip and knee). Peiper (1941) described the 
reflex as a sign of meningitis, which we, too, can 
confirm. Since, however, the stimulus elicits in 
his case not extension but flexion, and the reflex is 
not physiological but one appearing exclusively in 
pathological conditions, it has, obviously, nothing 
in common with the crossed inguinal extension 
reflex. 

In most cases the full extension of the leg at 
the hip and the knee was not accompanied by a 
plantar flexion of the foot and the toes, correspond- 
ing to the extension reflex, but by a dorsal flexion of 
both, mainly of the big toe, corresponding to the 
flexion reflex (Figs. 1 and 2). In the electromyo- 
graphic curve this was shown by the simultaneous 
contraction of both extensors and flexors (Figs. 3-7). 
The same can be observed with the electromyo- 
graphic curve of the flexion reflex (Fig. 8). 

The simultaneous contraction of antagonistic 
muscles is a fact long known in cases of motor 
activity exerted by volitional effort (Beevor, 1904), 
and also that the physiological supporting reaction 
is based on a simultaneous contraction of extensors 
and flexors (Magnus, 1924; Rademaker, 1931). 

In general, the function of the agonistic and 











Fic. 8.—Electromyogram of the 
flexor reflex (normal premature 
infant). Extensor contractions 
stronger than flexor. 
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antagonistic muscles involved in the elicitation of 
reflexes is controlled by the principle of reciprocal 
innervation of Sherrington (1910). Nevertheless, the 
reflex effect may also activate other muscles, notably 
the antagonists, even under normal conditions (Wach- 
holder and Altenburger, 1924). In their detailed 
electromyographic studies Foerster and Altenburger 
(1933a, b, c, d, and 1934) state that the principle of 
reciprocal innervation does not apply as a rule to 
the course of the flexion or extension reflexes, 
because simultaneous contraction of agonists and 
antagonists can be observed even under normal 
conditions, but chiefly in cases of pyramidal lesions. 

In our cases we are dealing not only with the 
simultaneous contraction of two antagonistic 
muscles, but also with the elicitation of two anta- 
gonistic reflexes, flexion and extension. Electro- 
myograms show the synchronous contraction of the 
quadriceps femoris and the gastrocnemius, on the 
one hand, representing the extension reflex, and that 
of the hamstring muscles and the tibialis anterior, 
representing the flexion reflex, on the other. By 
using an appropriate method the two antagonistic 
reflexes may be elicited simultaneously even in 
normal human beings when the cerebral cortex and/ 
or higher cerebral centres are relatively less 
developed. This phenomenon can be observed in 
adults too with pyramidal lesions on eliciting the 
crossed extension reflex by pinprick (Toth, 1958). 
This phenomenon may be designated the ‘‘co-reflex 
phenomenon”’. 


Summary and Conclusions 
The reflexes of medullary automatism have been 
studied in a series of premature and full-term infants. 
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Four methods of eliciting these reflexes have been 
used. Three of these have been described in the 
literature, but they are often ineffective in 
practice. 

A fourth method has been added, which has been 
used experimentally in animals—‘‘the crossed 
inguinal extension reflex’’—and this can be regularly 
elicited in premature and full-term infants after 
birth. 

The “‘crossed inguinal extension reflex’’, a variant 
of the crossed extension reflex, decreases in intensity 
in the course of ontogenetical development and, 
after appearing in rudimentary forms, disappears 
gradually and/or becomes clinically latent during 
the first year of life. 

Electromyographic studies show that the crossed 
inguinal extension reflex and the flexion reflex 
response respectively involve not only the muscles 
commonly active in them but also the antagonists. 

It seems likely that by employing a proper 
technique both the flexion and the extension reflexes 
can be elicited at the same time in the early phases of 
normal nervous development, thus showing a 
remarkable “‘co-reflex”” phenomenon. 
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FATAL ENCEPHALOPATHY IN GLANDULAR FEVER 


BY 


J. D. BERGIN 


From Wellington Hospital, New Zealand 


In 1931, Epstein and Dameshek reported a case of 
meningo-encephalitis complicating glandular fever 
and in the same year Johansen described a similar 
case. From 1940 onwards there were a number of 
reports of individual cases, or small groups of cases, 
with one or other of the central nervous system 
complications now known to occur in this disease. 
Such reports came mainly from North America and 
Europe, but also from Great Britain and South 
Africa. No single author has had experience of any 
large number of cases although some have reviewed 
the literature at the date of their own reports and 
have provided a comprehensive picture of the varied 
forms in which the nervous system can be affected. 
An account of these varied neurological manifesta- 
tions of the condition has been provided by Kissel, 
Arnould, and Léval (1952). Landes, Reich, and 
Perlow (1941) referred to a dozen cases in the litera- 
ture; Bernstein and Wolff (1950) reviewed 34 pub- 
lished cases; Silversides and Richardson (1950) 
collected 59; Freedman, Odland, and Cleve (1953) 
found 54 cases and Leibowitz (1953) reviewed 71 in 
his monograph on glandular fever; Walsh, Poser, 
and Carter (1954) spoke of approximately 100 cases 
in the literature. 

The overall incidence of central nervous system 
involvement, represented by the collected reports of 
particular cases, may afford a picture of the chances 
of the development of central nervous system lesions 
in one or other form in this condition. Halcrow, 
Owen, and Rodger (1943) reviewed 296 cases and 
found that five had meningeal symptoms sufficient to 
warrant lumbar puncture, and, taking these as 
indicative of nervous system involvernent, the 
incidence in his series was between 1% and 2%. 
Silversides and Richardson (1950) found a group of 
reports in which the cases reviewed totalled 4,393, 
among which there were 17 with central nervous 
system involvement, the incidence of neurological 
complications on this background being under 1%. 
Rugg-Gunn (1954) found figures in other authors’ 
reports which led him to state the incidence as vary- 
ing from less than 1% up to 5%. In his own series 
of 412 cases there were three with definite involve- 
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ment of the nervous system, an incidence of less than 
1%. An estimate of between 1% and 2% for the 
likelihood of neurological complications is reason- 
able, and is one which would be in keeping with the 
experience of most physicians. 

A striking variety of neurological disorders has 
been recorded in glandular fever. At first there may 
seem little logical connexion between the numerous 
manifestations, but when the clinical pictures are 
considered as a whole, it will be seen that they 
represent disturbances of various parts of the nervous 
system reflecting the generalized nature of the pri- 
mary disorder in the body. The commonest variety 
of nervous system affection is serous meningitis. The 
earliest reported cases were of this variety: 10 of 
Bernstein and Wolff’s (1950) 34 neurological cases, 
28 of the 59 collected by Silversides and Richardson 
(1950), and 15 of the 71 analysed by Leibowitz (1953) 
were meningitic. The exudate is lymphocytic, and 
glandular fever is now a well-recognized member of 
the group to be considered when faced with a 
lymphocytic meningitis difficult of elucidation. 
Tidy (1946) has gone so far in the past as to challenge 
the existence of the entity which goes under the name 
of benign lymphocytic meningitis, his argument 
being that none of the published cases of this condi- 
tion were proved not to have glandular fever, and 
that all of them had clinical features consistent with 
those seen in glandular fever with meningeal 
involvement. 

Encephalitis has been reported less commonly 
than meningitis although there have been many 
cases with both meningitic and encephalitic features 
more properly termed meningo-encephalitic, and 
likewise there are some on record with encephalitic 
and spinal cord lesions appropriately designated 
encephalo-myelitic. Crowther (1951) described a 
case of encephalitis and found four others in the 
literature in the previous 20 years. Librach (1952) 
published a case of encephalitis and later (1954) 
another. Other individual reports of encephalitis 
have come from Landes er al. (1941), Zohman and 
Silverman (1942), Geliebter (1946), Slade (1946), 
Schneider and Michelson (1947), Dolgopol and 
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Husson (1949), McNeel (1951), and Hubler, Bailey, 
Campbell, and Mathieson (1951). Nineteen of the 
59 cases collected by Silversides and Richardson 
(1950), four of the 34 reported by Bernstein and 
Wolff (1950), and 15 of the 71 reviewed by Leibowitz 
(1953) were encephalitic. A report by Green (1955) 
has described the occurrence of hemiplegia in a 
young woman during the course of glandular fever, 
this manifestation being regarded as possibly based 
on a focal encephalitic lesion. 

Cases in which the principal features have been 
those of cerebellar disorder are on record. This was 
so in the case reported by Hoyne (1950) where 
glandular fever was unmistakable, and vertigo and 
ataxia persisted for a long time. These authors refer 
to a case previously published by Landes et a/. (1941) 
in which giddiness, unsteadiness, and acute ataxia 
were present although no attempt was made to 
localize the responsible lesion. In the case of 
Freedman ef al. (1953) there was difficulty in co- 
ordinating movements of the limbs during the 
convalescent phase. Seltzer (1953) described a case 
with ataxia of cerebellar origin although the patient 
had polyneuritic features in addition. Walsh er al. 
(1954) described a child with glandular fever troubled 
with cerebellar symptoms after recovery from a more 
acute cerebral disorder. They reviewed records of 
35 cases of glandular fever at the Columbia Presby- 
terian Medical Center and found three patients in 


whom the central nervous system appeared to be 
involved and one of whom had signs of cerebellar 
disorder. 

Cranial nerve lesions, usually in association with 
more general involvement of the nervous system, are 


known. Anosmia was mentioned by Marchal, 
Bargeton, and Mahoudeau (1933); Halcrow er al. 
(1943) refer to one of their few cases with meningeal 
symptoms as having optic neuritis for a period of 
two months; Ashworth and Motto (1947) described 
a case with bilateral papilloedema, regarding it, in 
the presence of a normal pressure in the cerebro- 
spinal fluid, as a manifestation of optic neuritis. 
Piel, Thelander, and Shaw (1950) have reported a 
case with encephalitis and bilateral papilloedema but 
“normal cerebrospinal fluid dynamics.’’ Distur- 
bances of ocular innervation have been described by 
Fledelius (1935) who reported paresis of the inferior 
rectus and by Vaughan, Regan, and Terplan (1946) 
whose case had an external rectus palsy. Unilateral 
facial palsy has been described by Gsell (1937) and 
facial diplegia was present as the only neurological 
feature in one of Silversides and Richardson’s (1950) 
cases as also in that described by Creaturo (1950) 
where it was part of a more general polyneuritic 
picture. Kissel et al. (1952) found accounts of six 
cases of unilateral or bilateral facial palsy. 


Isolated peripheral nerve involvement in the form 
of serratus magnus palsy occurring during the course 
of glandular fever has been described by Richardson 
(1942) and Saksena (1943). Kissel et al. (1952) refer 
to other reported cases indicative of partial brachial 
plexus lesions. 

One of the commonest forms of nervous system 
involvement encountered has been acute poly. 
neuritis, a complication which has been responsible 
for some of the fatalities in glandular fever. Cases 
showing the clinical feature of both glandular fever 
and acute polyneuritis have been reported by Hiller 
and Fox (1943), by Coogan, Martinson, and Mathews 
(1945), and by Graham, Schwartz, and Chapman 
(1949). Ricker, Blumberg, Peters, and Widerman 
(1947) examined the records of the U.S. Army 
Institute of Pathology and found 36 fatal cases of the 
Guillain-Barré syndrome and nine fatal cases of 
glandular fever. There were two in which both 
glandular fever and the Guillain-Barré syndrome 
coexisted. The same cases were reported and dis- 
cussed more from the clinical point of view by 
Peters, Widerman, Blumberg, and Ricker (1947), 
Creaturo (1950) described a case with facial diplegia 
as part of the picture of acute polyneuritis. Rugg- 
Gunn (1954) had one case of polyneuritis among the 
412 naval men with glandular fever who had been 
surveyed by him. Garvin (1953) reported a further 
case, pointing out that of the 10 known at that date 
four had been fatal; Fiese, Cheu, and Radding 
(1953) reported polyneuritis in an older person with 
glandular fever and noted the total reported cases 
as 15 at that date. 

A case report of special interest in relation to the 
one which follows in this paper is that of Raymond 
and Williams (1948), who reported the occurrence 
of what appeared to be acute schizophrenia during 
the course of glandular fever with complete resolu- 
tion as the infection subsided. 


Case History 

A. B., a man aged 21, possessed a family history and 
previous medical history which were healthy. Six weeks 
before the onset of his acute illness he had had an inguinal 
hernia repaired and when seen three weeks later for 
post-operative follow-up, he complained to the surgeon 
of a sore throat which was not severe at the time. A 
fortnight later he again complained of sore throat and 
this time of back-ache as well, but, on that day he had 
felt well enough to dine out in the evening. The following 
morning his throat was more painful and he was 
feverish. During the day his temperature rose, he began 
to have rigors, and in the afternoon began to retch and 
vomit. Late in the afternoon he was shivering and 
perspiring profusely, appeared confused, and seemed to 
have difficulty in swallowing and talking. Widespread 
localized jerking movements were noted. The throat 
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was inflamed but there were no other abnormal signs. 
During the evening he was generally quieter but the 
twitching persisted; he did not enter into conversation 
but appeared to recognize people and smile at them. 
During the night he left his bed in a confused state and 
passed urine in a corner of the lounge. By the following 
morning the temperature was still raised to 103°F. and 
the general condition unchanged, except that he had 
hecome more unresponsive, and although the eyes 
remained open they did not focus on surrounding 
objects. He broke silence only once to swear emphatic- 
ally at a particular aspect of the examination. Jerking 
movements involving face and limb muscles still occurred 
but there were no other physical signs. Although there 
was ample evidence of infection in the form of fever and 
sore throat and some form of encephalitis was under 
consideration, the strange withdrawn attitude, the 
mutism and leering grin raised the question of an acute 
schizophrenic reactior. Later in the day definite neck 
stiffness appeared and the patient was transferred to the 
Wellington Hospital where lumbar puncture showed the 
fluid under normal pressure and containing only 3 cells ; 
the protein content was 42 mg. per c.mm. The total 
leucocyte count of the blood was 9,200 at which level a 
differential picture was not requested immediately. 
During the night he lost all responsiveness to stimuli and 
the following morning had the first of several generalized 
convulsions. Re-examination at this stage revealed a 
chain of enlarged lymph nodes in the posterior cervical 
region on either side, and examination of the stained 
film from the blood drawn on admission 12 hours earlier 
showed 58°, abnormal mononuclear cells typical of 
glandular fever cells. The Paul-Bunnell serological test 
for heterophil antibodies was positive to a titre of 1 in 
114,688, reduced to | in 14,366 after absorption with 
guinea-pig kidney, and 1| in 448 after absorption with 
ox red cells. 

Soon after the onset of convulsions the condition 
changed to one of decerebrate rigidity with bilateral 
extensor plantar responses, and at this stage much of the 
localized muscle twitching ceased although localized 
tonic and clonic movements involving the face and jaw, 
and sometimes also the arms and shoulders, were still 
seen. Respiration became irregular, rigidity persisted, 
and hyperpyrexia developed. On this, the fourth day 
after admission, rigidity gave way to flaccidity, he became 
oliguric, his respirations were increasingly rapid and 
shallow, and he died on the evening of this day. The 
number of abnormal mononuclear cells fell rapidly 
despite a rise in the total white cell count until the day of 
death there were 8% abnormal mononuclear cells in a 
total count of 26,000. Re-examination of the cerebro- 
spinal fluid showed no change in pressure, no increase 
_ but on the second occasion a protein content of 

Treatment had been with intramuscular penicillin 
before admission, intravenous tetracycline after ad- 
oe, intravenous fluid corticotrophin, and cooling 
y ice, 


Necropsy.—Dr. 
follo ving post-mortem report :— 


G. R. Laurenson provided the 


Respiratory System.—There was evidence of purulent 
bronchitis and bronchopneumonia. 


Cardiovascular System.—There was some cardiac 
enlargement, subepicardial haemorrhage at the base of 
the left ventricle, and several small patches of necrosis 
in the wall of the left ventricle. 


Liver.—The liver was grossly enlarged with mono- 
nuclear infiltration in some portal areas and prominent 
Kupffer cells but no significant hepatitis. 


Spleen.—The spleen was enlarged, extremely congested, 
and showing an increased number of large mononuclear 
cells in the pulp. 


Kidneys.—The kidneys were extremely congested with 
pigment casts in some tubules and degeneration of 
tubular epithelium but no interstitial reactions. 


Lymph Nodes.—These contained numerous 
mononuclear cells with pink cytoplasm. 


Nervous System.—The brain, which weighed 1,770 g., 
was swollen and soft and the external and cut surfaces 
were extremely congested. The pituitary gland appeared 
normal. Numerous small petechiae were present 
beneath the dura lining the middle cranial fossa. The 
spinal cord also appeared congested. On sectioning the 
fixed brain coronally the only definite abnormality in the 
gross specimen apart from general congestion was a 
patch of haemorrhage about 5 mm. across in the white 
matter of the inferior part of the right frontal lobe. 

On histological examination the striking feature was 
the minimal degree of recognizable change. The motor 
cortex was oedematous and scattered pyramidal cells 
showed chromatolysis, some appearing as shadows 
only, but no inflammatory reaction was seen. In the 
visual cortex perivascular oedema was moderate to 
marked. Some of the neurones in the island of Reil 
showed pyknosis. In the basal ganglia there was oedema 
and an occasional small perivascular haemorrhage. 
The substantia nigra showed a small collection of 
microglial cells containing pigmentation. There was 
moderate oedema in the basis pedunculi. In the medulla 
there was slight oedema and a few pyknotic cells in the 
olivary nucleus. There was chromatolysis in some cells 
on the lateral cuneate nucleus and a few degenerating 
cells were seen in the reticular substance. The cerebellum 
showed oedema of the Purkinje cell layer. In the ventral 
horns on the thoracic spinal cord there were degenerating 
cells without any surrounding reaction and some similar 
changes in the cells of Clarke’s column. 


large 


Discussion 


Tidy (1952) has pointed out that where central 
nervous system complications occur there may be as 
yet no other indications of glandular fever, and 
indeed the neurological illness may be over before 
glandular fever is recognized at all. The contrary 
may also be found and the typical features of 
glandular fever run their course and subside before 
neurological features develop (Sucher and Schwarz, 
1936; Geliebter, 1946; Silversides and Richardson, 
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1950; Freedman et al., 1953; Green, 1955). It should 
also be noted that in other cases, even when the 
illness has progressed to the stage of deep coma and 
extensor spasms, recovery has been spontaneous 
(Walsh et al., 1954). 

Thomsen and Vimtrup (1939) described six deaths, 
four of them due to respiratory paralysis, in 500 
cases of glandular fever. Custer and Smith (1948) 
made extensive pathological observations on the 
basis of nine_necropsies, two of which had come 
about from acute polyneuritis. Dolgopol and 
Husson (1949) reported a fatal case, designated 
haemorrhagic encephalomyopathy, and found 16 
reported deaths of which seven were due to nervous 
system involvement. Silversides and Richardson 
(1950) listed eight from this cause. Leibowitz (1953) 
commented on 38 reported fatal cases, but only 28 
had sufficient data to make them identifiable as 
glandular fever; eight had been due to involvement 
of the nervous system. The only other fatal neuro- 
logical case that has been encountered is that of 
Gastaut, Radermecker, Vigouroux, and Van Bogaert 
(1956) but here the death of the infant described 
occurred a few days after a head injury and there was 
no confirmation of the diagnosis of glandular fever 
from the blood picture or heterophile antibody 
reactions during life. 

The accounts of pathological changes in the 
nervous tissue based on the above necropsies have 
included congestion of the brain and meninges, peri- 
vascular and pericellular oedema, degenerative 
changes of ganglion cells in the nuclei of the mid- 
brain and medulla, and similar changes in the 
Purkinje cells of the cerebellum. Perivascular 
haemorrhages in the spinal cord have been observed, 
and mononuclear infiltration of the cranial nerves, 
spinal roots and nerves, and in one case of the 
peripheral nerves. Perivascular cuffing with lympho- 
cytes was by no means a constant feature although it 
was present in the airman described by Allen and 
Kellner (1947) who was killed while convalescent 
from glandular fever. 

The pathogenesis of the central nervous system 
changes in glandular fever is of considerable interest, 
and one’s mind immediately turns to the encephalo- 
pathies which may complicate the specific fevers. 
This whole subject has been reviewed by Miller, 
Stanton, and Gibbons (1956), who studied the 
neurological complications of measles, rubella, 
varicella, mumps, scarlet fever, and whooping cough. 
By comparison of pathological features they showed 
common changes, namely initial congestion and 
oedema with later perivenous infiltration and 
demyelination, in the encephalopathies due to 
specific fevers, some non-specific infections, serum 
sickness, drug encephalopathies and experimental 


encephalopathies, and they put forward a theory of 
allergic response to a variety of agents producing q 
standard pathological pattern, an “allergic neyr. 
axitis’’, as they termed it. Such a theory, involving 
tissue reaction at any part of the nervous system, 
could explain the variety of clinical pictures that 
may occur in glandular fever as well as in the con. 
ditions they discussed. 

The cerebrospinal fluid findings in glandular fever 
are surprisingly inconstant. Lymphocytic pleo- 
cytosis has been reported in cases with no clinical 
abnormalities of a neurological nature (Toomey, 
1936; Schmidt and Nyfeldt, 1938; Karpinski, 1952) 
while cases with gross nervous system disorder have 
been reported with no change in the fluid at all 
(Crowther, 1951). The protein is likewise normal in 
many cases but raised in others. Although a number 
of earlier attempts had been made to demonstrate a 
positive Paul-Bunnell reaction in the cerebrospinal 
fluid, the first successful results were those of 
Silberstein, Bernstein, and Stern (1948). It is clear, 
therefore, that the diagnosis of glandular fever 
affecting the nervous system does not depend upon 
any typical cerebrospinal fluid picture, but rests on 
the clinical evidence, which may be scanty or absent, 
of glandular fever elsewhere, and the differential 
white cell picture in the blood and Paul-Bunnell 
reaction of the serum. 


Summary 


A fatal case of glandular fever with clinical 
features of severe encephalopathy has been presented 
and the pathological features described and patho- 
genesis suggested. The cerebrospinal fluid findings 
are much too variable to be taken as a firm guide to 
the nature of the encephalitic or meningitic process. 


Thanks are due to Dr. J. M. Tweed who referred the 
case described and shared the care of the patient, and to 
Dr. J. D. Reid, pathologist to the Wellington Hospital, 
and Dr. G. R. Laurenson, formerly assistant pathologist, 
for the histological examinations and their interpretation. 
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THE INCIDENCE AND CHARACTERISTICS OF 
LEWY BODIES IN IDIOPATHIC PARALYSIS AGITANS 
(PARKINSON’S DISEASE) 


BY 


J. BETHLEM and W. A. DEN HARTOG JAGER 


From the Neurological Clinic, University of Amsterdam 


In 1913, the Breslau neurologist Lewy described 
globular inclusions of cytoplasmic condensations in 
the cells of the nucleus substantiae innominatae 
and the dorsal vagal nucleus in paralysis agitans. 
These cell inclusions have since been described by 
many other investigators. In 1923, Lewy also found 
them in the pigmented ganglion cells of the sub- 
stantia nigra in Parkinson’s disease. Trétiakoff 
(1919) found these *‘Lewy bodies” in six out of nine 
typical cases of paralysis agitans, and in one atypical 
case. Foix and Nicolesco (1925) described them as 
found in an unspecified number of cases of Parkin- 
son’s disease. Redlich (1930) found Lewy bodies in 
the substantia nigra in two cases of postencephalitic 
Parkinsonism and in one case of Parkinson’s disease. 
Klaue (1940), on the basis of both clinical and 
anatomical pathological findings in a large amount 
of material, advocated the unitarian theory regarding 
the aetiology of idiopathic and postencephalitic 
Parkinsonian conditions. He found identical neuro- 
pathological changes in both instances. Van 
Valkenburg (1941) described one case of idiopathic 
paralysis agitans with Lewy bodies in the pigmented 
cells of the brain-stem. Beheim-Schwarzbach (1952) 
found Lewy bodies in 16 cases of Parkinson’s disease 
and in 10 cases of senescence with no Parkinsonian 
signs. She found no Lewy bodies in 13 cases of 
postencephalitic Parkinsonism. She elaborated the 
material previously described by Hassler (1938). 

Greenfield and Bosanquet (1953) examined 
19 cases of idiopathic paralysis agitans. In nine 
cases it was possible to examine the substantia nigra 
and the locus coeruleus; Lewy bodies were found 
in both. In nine cases, only the substantia nigra 
was available but Lewy bodies were invariably found 
in it. In the remaining case, only the locus 
coeruleus could be examined and Lewy bodies were 
found. In all these cases of idiopathic paralysis 
agitans, therefore, Lewy bodies were demonstrable. 
No Lewy bodies were found in 10 cases of post- 
encephalitic Parkinsonism. They were demon- 


strated in two out of five cases of 
Parkinsonism. 

A single atypical inclusion (not a genuine Lewy 
body) was found in the cytoplasm of a locus 
coeruleus cell in only one out of 22 patients aged 
50-88, with no clinical signs of Parkinsonism. 
Rovéti (1956) found no Lewy bodies in eight post- 
encephalitic cases. but did find them in two out of 
15 psychiatric patients with no clinical signs of 
Parkinsonism. 

In so far as the authors have presented numerical 
data, the findings from the literature have been 
tabulated in Table I. 


atypical 


TABLE | 


FINDING OF LEWY BODIES ABSTRACTED FROM ThE 
LITERATURE 





Post- 
encephalitic 
Parkinsonism 


Idiopathic 
Paralysis 
Agitans 


Control 
Cases 
Authors 
No. of Lewy |No. of Lewy |No. of Lewy 
Cases Bodies Cases Bodies Cases Bodies 


Trétiakoff (1919) a 3 0 
Redlich (1930) 1 2 
van Valkenburg 1 
(1941) 
Beheim- 16 
Schwarzbach (1952) | 


Bosanquet (1953) 
Réveti (1956) 


0 
Greenfield and 19 | 0 
0 


Total 





Greenfield and Bosanquet, however, stated (1953): 


“The combination of loss of cells in certain fairly 
well-defined cell groups in the substantia nigra, with 
numerous inclusions of the Lewy type, as defined by 
us, in the pigmented cells of the brain-stem is, however, 
quite characteristic of paralysis agitans and occurs, 
so far as we know, in no other disease.” 


The pathogenesis of Lewy bodies is still obscure. 
Generally speaking, cytoplasmic inclusions are found 
in man due to virus infections or after poisoning 
by heavy metals. 
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Viral Inclusions 


Many virus infections in man give rise to cyto- 
plasmic inclusions outside the central nervous 
system. Only human rabies causes inclusions ex- 
clusively localized in the cytoplasm of the ganglion 
cells of the central nervous system. In addition 


there are some conditions in which the human 
nervous system is known to contain both intra- 
inclusions, 
and 


nuclear and cytoplasmic 
megalic inclusion 
encephalitis. 
Various inclusion bodies have been demon- 
strated to consist of a colony of elementary bodies 
surrounded by a matrix. By staining with Victoria 
blue, Herzberg (1934) was able to demonstrate 
elementary bodies in inclusions found in smallpox, 
chickenpox, ectromelia, and canary pox.  Ele- 
mentary bodies have been demonstrated by the 
electron microscope in cases of cowpox, ectromelia, 
and molluscum contagiosum (Gaylord and Melnick, 
1953), herpes simplex, cowpox, and fowl pox 
(Morgan, Ellison, Rose, and Moore, 1954). The 
ability to show nucleo-proteins, ribonucleic acid 
(R.N.A.) or deoxyribonucleic acid (D.N.A.), in 
inclusion bodies also constitutes an argument in 
favour of the presence of virus particles in the 
inclusions. On the other hand, there are the in- 
vestigations of Croissant, Lépine, and Wyckoff 
(1955) and Sourander (1956) in Negri bodies. 
Croissant ef al. were unable to demonstrate ele- 
mentary particles in Negri bodies by electron 
microscopy. Sourander, using the ultra-violet 
absorption method, was also unable to demonstrate 
R.N.A. or D.N.A. in Negri bodies. These investiga- 
tions indicate that, in virus infections, inclusion 
bodies may consist either of colonies or elementary 
bodies surrounded by a matrix or, as in the case of 
Negri bodies, they may be the product of a reaction 
of the cellular protoplasm to the virus infection. 


viz., cyto- 


disease Dawson’s 


Non-viral Inclusions 


Inclusions may be encountered in cases of heavy 
metal poisoning. Pappenheimer and Maechling 
(1934) and Hartz and van der Sar (1944) found 
intranuclear and cytoplasmic inclusions in the renal 
epithelium of patients treated with injections of 
bismuth. Pappenheimer and Maechling (1934) and 
Wolman (1954) succeeded in producing these bodies 
experimentally in animals. Finner and Calvery 
(1939) and Wolman (1954) described intranuclear 
and cytoplasmic inclusions in renal epithelium in 
animals following experimental lead poisoning. In 
1949, Wachstein found intranuclear inclusions in 
the renal epithelium and liver cells of a child who 
diec of lead poisoning. Olitsky and Harford (1937) 


provoked intranuclear inclusions in experimental 
animals with the aid of aluminium. These inclusions 
contained no D.N.A., a fact confirmed by Wolman 
(1954) with regard to bismuth and lead inclusions. 
Finner and Calvery (1939) demonstrated that in- 
clusions found in lead poisoning cases contained lead. 
With regard to other inclusions caused by heavy 
metal poisoning, the metal in question has not been 
demonstrated in the inclusions. 

The present investigation was made in order to 
establish, on the basis of our own material, the 
extent to which Lewy bodies can be considered 
characteristic of idiopathic paralysis agitans. An 
attempt was also made to determine the nature of 
the inclusion. 


Material and Methods 


Our material consisted of 15 cases of idiopathic 
paralysis agitans and four cases of postencephalitic 
Parkinsonism. All the necropsy material was obtained 
during the period 1956-59. 

The four cases of postencephalitic Parkinsonism were 
clinically diagnosed as such on the basis of a definite 
history of encephalitis reported in 1918-20. 

Examination of the 19 cerebral specimens invariably 
included the following parts: the substantia nigra (with 
the exception of three cases in which it had been used 
for other purposes), the locus coeruleus, the substantia 
innominata, the hippocampus, area 4 and area 6, and 
sections obtained from the frontal, parietal, and occipital 
lobes, the cerebellar hemispheres, the nucleus dentatus, 
and the cerebellar vermis. 

Since our material included only four cases of post- 
encephalitic Parkinsonism, the locus coeruleus in these 
cases was examined in complete serial sections. In 
addition, 10-20 sections through the locus coeruleus 
from 20 patients aged 69-80 without Parkinsonian 
symptoms were examined. These patients were clinically 
observed for several weeks or months, and examined by 
two or several neurologists. 

The blocks were embedded in paraffin, celloidin, or 
ice. 

The Lewy bodies were examined using: (1) haema- 
toxylin and eosin, Van Gieson, Masson’s trichrome, 
Lendrum’s phloxine tartrazine, periodic-acid-Schiff, 
Giemsa, Sudan III, Sudan black, iodine, Ziehl-Neelsen, 
Gram, and Bielschowsky staining and phase-contrast 
microscopy; (2) Nissl’s cresyl violet, Weigert-Pal, 
Marchi, Mallory aniline blue orange G., and Dominici 
staining and fluorescence microscopy; (3) coupled 
tetrazonium reaction for proteins, Best’s stain for 
glycogen, mucicarmine for mucin, Weigert’s stain for 
fibrin, Turnbull's stain for iron, Kossa’s stain for calcium, 
Feulgen reaction for D.N.A., and Einarson’s stain for 
R.N.A. and D.N.A. and ultra-violet microscopy and 
microradiography. 

The locus coeruleus of one case of idiopathic paralysis 
agitans (No. 501) was fixed in 10% formaldehyde solution 
and stained according to Giemsa and with 1% and 3% 
Victoria blue solution according to the method of 
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Herzberg. The locus coeruleus of another case of idio- 
pathic paralysis agitans (No. 533) was fixed in a Carnoy 
solution for three days, and likewise stained according to 
Giemsa and with 1% and 3% Victoria blue solution. 
A different part of the hennsaiitcheshi-Gnnd locus coeruleus 
was submitted to the influence of a 1% trypsin solution 
for 10 minutes, one hour, and 24 hours, respectively, and 
then stained in the manner described. 

In five cases of idiopathic paralysis agitans (Nos. 490, 
501, 509, 516, 524) one or both areas of the substantia 
nigra were removed within 55 to 190 minutes of death. 
Immediately afterwards, the Griffith tube was used to 
prepare a 10% suspension of penicillin-streptomycin 
broth, containing 100 u. penicillin per ml. and 100 xg. 
streptomycin per ml.; 0-10 ml. of this suspension was 
inoculated intracerebrally into 12 grown mice, 10 grown 
rats, two guinea-pigs, and two pigeons; 0-5 ml. of the 
suspension was inoculated intracerebrally into two 
Cynomolgus monkeys and two rabbits. 

Two controls of each animal species were included in 
the investigation and were not inoculated. The animals 
were sacrificed two months after intracerebral inocula- 
tion; only the monkeys were sacrificed after six months. 
The brains were fixed in formaldehyde (10% 
solution) and examined in frontal sections after 
haematoxylin-eosin staining. 


Results 


Incidence of Lewy Bodies.—Lewy bodies were 
found in the locus coeruleus and/or the substantia 
nigra in each of the 15 cases of idiopathic paralysis 
agitans (Figs. 1,2, and 3). In nine of these 15 cases, 
moreover, they were also seen in the ganglion cells 
of the substantia innominata (Fig. 4). In the four 
cases of postencephalitic Parkinsonism, no_in- 
clusions were found in the substantia nigra, sub- 
stantia innominata, and the locus coeruleus (the 
latter examined in serial sections). None of the 
sections of the 20 control cases contained a Lewy 


TABLE II 
INCIDENCE OF LEWY INCLUSIONS 
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TABLE III 
CONTROL CASES 





a 
| Lewy Bodies 

Post-mortem Diagnosis ; in Locus 
| Cocruleys 


ap 
—— 
Wa 6 
| 


| Amyotrophic lateral ‘sclerosis 
Thrombosis a. cerebri pos- 
terior 
60 | Taboparalysis | 
62 | Subacute cerebellar degenera- | 
| tion associated with visceral | 
carcinoma 
Polio-encephalitis 
rhagica 
| Syringomyelia 
Polio-encephalitis 
rhagica 
Granular cell degeneration of 
cerebellum associated with | 
tuberculosis 
Arteriosclerosis of the cere- | 
brum 
Compression of medullae by 
vertebral metastasis | 
Thrombosis a. cerebri media 
Arteriosclerosis of the cere- 
brum 
| Thrombosis a. cerebri media 
Cerebellar apoplexy 
Tabes dorsalis 
Arteriosclerosis of the cere- 
brum 
Multiple cerebral metastases 
| Thrombosis a. cerebri media 
Compression of medulla by 
vertebral metastasis 
Multiple cerebral softenings 
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body in the ganglion cells of the left and the right 
locus coeruleus (Tables II and III). 


Morphology and Staining Reactions.—The mor- 
phology of the Lewy bodies was previously described 
in detail by Greenfield and Bosanquet, and need not 
be gone into again in this paper. They always have 
a pale halo and the larger inclusions may contain an 
acidophilic central core. Our methods enumerated 
in Group | yielded results almost identical to those 
mentioned by these authors. The results of the 
methods listed in Groups 2 and 3 are presented in 
Table IV. 


TABLE IV 
MORPHOLOGY AND STAINING REACTIONS 





Main 
| Inclusion Body | 
Unstained 
Unstained 
Faint yellow 
Blue 


Centra! 
Core 


Stain 
or Method 


Nissl’s cresyl violet 

Weigert-Pal 

Marchi 

Mallory A.3.0.G. 

Dominici Unstained 

Victoria blue | Unstained 

Fluorescence microscopy } 

Proteins (coupled tetrazonium | 
reaction) 

Glycogen (Best) 

Mucin (mucicarmine) 

Fibrin (Weigert) 

Iron (Turnbull) 

Calcium (Kossa) 

D.N.A. (Feulgen) 

R.N.A. and D.N.A. (Einarson) 

Ultra-violet microscopy 260- | 
280, 325mu 

Microradiography for heavy 
metals 


| Faint green- -blue 
Dark Blue 

| Yellow-brown 
Bright red 
Bright red 

| Dark blue 

No fluorescence | No fluorescence 


Positive 
Negative 
Negative 
| Negative 
| Negative 
Negative 
Negative 
| Negative 


Unstained 

| Negative 
Negative 

| Negative 
Negative 
Negative 
Negative 
Negative 


No absorption | No absorption 


| No absorption No absorption 
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1.—Typical Lewy bodies in two pigmented ganglion cells of locus coeruleus. Haematoxylin-eosin. 


Fic. 2.—Three Lewy inclusions in one pigmented ganglion cell of Fic. 3.—Oval Lewy body in pigmented cell of substantia nigra. 
»cus coeruleus. Haematoxylin-eosin. Haematoxylin-eosin. 
y 
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Fic. 5.—So-called extracellular Lewy body in locus coeruleus mic 

Haematoxylin-eosin. 


Fic. 4.—Two Lewy bodies in ganglion cell of substantia innominata. 
Haematoxylin-eosin. 
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FiG. 7.—Irregular shaped Lewy inclusions in pigmented cell of 


; Soe. ie ‘ substantia nigra. Forms like these are rarely seen. Haematoxy- 
Fic. 6.—Pear-shaped Lewy inclusion in pigmented cell of substantia lin-eosin. 


nigra. In the left upper corner of the picture a so-called extra- 
cellular body with a broad, pale halo is seen. Haematoxylin- 
eosin. 
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Mallory’s aniline blue orange G. and Dominici’s 
stains gave excellent contrasts with a bright red 
central core. Gram staining occasionally showed a 
Gram-positive central core, and the Ziehl-Neelsen 
stain sometimes showed the central core to be acid- 
fast. According to Weigert-Pal, the central core 
stained a deep black-blue, whereas Marchi’s stain 
caused no blackening of the body or the central core. 

The dimensions of the Lewy bodies ranged from 
2to 40 pw. Extracellular forms (Fig. 5) were 
repeatedly encountered but, when examined in serial 
sections, proved to be localized in degenerated 
ganglion cells. Often in such cases only a few 
melanin pigment granules are found round the body. 
Lewy bodies of irregular rather than globular or 
oval shape are an exceptional finding (Figs. 6 and 7). 
The features seen by phase-contrast and fluorescence 
microscopy afforded no new information on the 
structure of the Lewy body. 


Histochemistry.—A Lewy body contains no lipids 
and no mucopolysaccharides, nor does it contain 
glycogen, mucin, fibrin, or calcium. The Turnbull 
test for iron was likewise negative. Absorption at 
microradiographic examination was so slight as to 
warrant the conclusion that a Lewy body contains 
no other heavy metals. 

Danielli’s coupled tetrazonium reaction showed 
positive staining of the central core, which indicates 


the presence of proteins containing aromatic alpha- 


amino-acids. The negative periodic-acid-Schiff 
reaction indicates that we are not dealing with 
mucoproteins or glycoproteins. 

The Feulgen test and Ejinarson’s gallocyanine 
stain were negative, which suggests the absence of 
nucleoproteins. This was confirmed by the fact that 
Lewy bodies gave no absorption at ultra-violet 
microscopic examination at wavelengths of 2,600, 
2,800, and 3,200 A. 


Investigation of the Elementary Bodies.—In the 
formaldehyde-fixed material, the central core of a 
Lewy body stained deep blue with Victoria blue. 
The structure and intensity of staining remained 
entirely unchanged when possible lipids were 
dissolved with Carnoy’s solution and possible pro- 
teins by trypsin. Similar results were obtained with 
Giemsa staining. In none of the specimens were 
elementary particles observed. 


Intracerebral Inoculation with Substantia Nigra 
Suspension.—Animals inoculated  intracerebrally 
with a substantia nigra suspension obtained from 
patients with idiopathic paralysis agitans did not 
show a single symptom throughout the period of 
observation. In none of the cerebral parts examined 
were cytoplasmic inclusion bodies or signs of 
inflammation observed (Table V). 


TABLE V 


RESULTS OF INTRACEREBRAL INOCULATION WITH 
SUBSTANTIA NIGRA SUSPENSION 





Interval 
Between Death | 
| and Completion | 
of Necropsy | 

(min.) | 


i | 


Duration | 
| of Illness 
| yr.) 


Case Experimental 


Animals 


Histological 
Changes 


~ 490 | 7 120 
so1 | 120 





| 1 monkey None 
| 3 mice 
1 monkey 
| 3 mice 
509 | } 1 guinea-pig 
8 rats 
3 mice 
| 1 guinea-pig 
mice 
2 rats 
| 2 rabbits 
2 pigeons 


None 


None 


None 


None 





Comment 


The literature reveals a lack of agreement with 
regard to the presence or absence of Lewy bodies in 
the pigmented cells of the brain-stem in Parkinson’s 
disease, postencephalitic Parkinsonism, and a con- 
trol group of patients without Parkinsonian symp- 
toms. Beheim-Schwarzbach and Greenfield and 
Bosanquet are the only authors to have studied this 
specific problem in each of the three groups men- 
tioned on the basis of a large amount of material. 
They found Lewy bodies in all their cases of idio- 
pathic paralysis agitans and in none of the cases of 
postencephalitic Parkinsonism. Their results are 
discrepant, however, as regards the control groups. 
Beheim-Schwarzbach found Lewy bodies in 10 out 
of 30 instances, whereas Greenfield and Bosanquet 
found no Lewy bodies in any of their 22 control 
cases. 

Our own results are in complete agreement with 
those of Greenfield and Bosanquet. Lewy inclusion 
bodies were found in each of 15 cases of idiopathic 
paralysis agitans and in none of the four instances of 
postencephalitic Parkinsonism. Nor were they 
found in any of the 20 controls without Parkinsonian 
symptoms of the same age group as the patients with 
paralysis agitans. 

Since Lewy described the spherical hyaline in- 
clusions in the ganglion cells of the substantia 
innominata in 1913, hardly any attention has been 
given to this nucleus. Only Greenfield and Bosan- 
quet described typical Lewy bodies in the substantia 
innominata in one of their five cases of atypical 
Parkinsonism. We found Lewy bodies in the sub- 
stantia innominata in nine of our 15 cases of idio- 
pathic paralysis agitans. The occurrence of Lewy 
bodies in this nuclear region is of great theoretical 
significance, as the cells of this nuclear group do not 
contain the melanin pigment typical of the sub- 
stantia nigra and the locus coeruleus cells. We 
believe that the occurrence of Lewy bodies in the 
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substantia nigra, locus coeruleus, and substantia 
innominata is a specific phenomenon of idiopathic 
paralysis agitans which, histologically, sharply 
differentiates this condition from postencephalitic 
Parkinsonism and neurological affections without 
Parkinsonian traits. In view of this, a better under- 
standing of the nature of Lewy bodies may be the 
key to the pathogenesis of Parkinson’s disease. 
Although Lewy bodies show a positive Lendrum 
stain, it has been established that they do not belong 
to the group of viral inclusions which consist of 
elementary particles. Elementary particles were not 
demonstrable in .Lewy bodies by staining with 
Victoria blue. Moreover, Lewy bodies were not 
found to contain nucleoproteins. Whether they 
belong to the group of viral inclusions to be regarded 
as a product of a reaction of the cellular protoplasm 
to a virus infection (such as the Negri bodies) 
remains a question open to discussion. It is true 
that animal inoculations were negative. However, 
we used necropsy material, and it may well be that 
the experimental animals used were not of the 
appropriate species. 

Since microradiography showed that the Lewy 
bodies contained no heavy meta's, these inclusions 
are not a result of storage of heavy metal, as is the 
case in lead poisoning. 

We found that the central core of the Lewy bodies 
gives a positive coupled tetrazonium reaction and, 
therefore, consists of proteins which contain 
aromatic alpha-amino-acids. 


Summary 


In 15 cases of idiopathic paralysis agitans, Lewy 
bodies were invariably found in the locus coeruleus 
and the substantia nigra; in nine of these cases, they 
were also found in the cells of the substantia 
innominata. 

In four cases of postencephalitic Parkinsonism, 
no Lewy bodies were found in the substantia nigra, 
substantia innominata, and locus coeruleus; the 
last-mentioned cell group was examined bilaterally 
in complete serial sections in each of the four cases. 

In from 10 to 20 sections of the locus coeruleus 
from 20 patients with no clinical features of 
Parkinsonism, and in the age group 60-80, no Lewy 
bodies were found. 

Lewy bodies contain no deoxyribonucleic acid or 
ribonucleic acid, as demonstrated by the Feulgen 
reaction, Einarson’s stain, and ultra-violet micro- 
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scopy. Victoria blue and Giemsa staining faiied to 
reveal elementary particles in the Lewy bodics, not 
even after preceding dissolution of such proteins or 
lipids as might be present in the matrix. 

Intracerebral inoculations of substantia nigra sys. 
pension obtained within 55 to 190 minutes of death 
from five patients with Parkinson’s disease caused 
no pathological symptoms in monkeys, rabbits, rats, 
guinea-pigs, mice, and pigeons. No histological 
changes were demonstrable in the brains of these 
animals. These results seem to warrant the con- 
clusion that Lewy bodies are not to be included 
among the inclusion bodies caused by virus infec. 
tions, which inclusions consist of a colony of 
elementary particles. 

Microradiography revealed no heavy metals in 
the Lewy bodies. 

Histochemical examination showed that the 
central core consists of proteins containing aromatic 
alpha-amino-acids. 


We have appreciated the very helpful advice and 
criticism of Prof. Dr. A. Biemond. We are also much 
indebted to Prof. Dr. M. T. Jansen and Dr. I. Molenzar 
for the ultra-violet microscopic and microradiographic 
investigations. Thanks are due to Dr. J. James for his 
help in_ investigating nucleoproteins; to Dr. J. 
Hoogendijk and Dr. F. Dekking for their help in the 
virological studies. 

This investigation was made possible partly by a grant 
obtained from *“*De Drie Lichten”’. 
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Obrador, S. (1958). 


J. Neurol. Neurosurg. Psychiat., 1960, 23, 81 


PROCEEDINGS OF THE SOCIETY OF BRITISH 
NEUROLOGICAL SURGEONS: 60th MEETING 


The 60th meeting of the Society of British Neurological Surgeons was held at the Guy’s-Maudsley 
Neurosurgical Unit, London, on November 13-14, 1959. The President, G. S. CLARK-MAXWELL (Derby), 


was in the Chair. 


The Treatment of Encephalotrigeminal Angiomatosis 
(Sturge-Weber Disease) by Hemispherectomy 

Murray A. FALCONER (London) reported the results 
of hemispherectomy in five patients who had since been 
followed for from three to eight years after operation. 
All were well-marked instances of the condition, the 
essential lesion of which appeared to be a venous 
angiomatosis of the leptomeninges over one cerebral 
hemisphere, associated with a port-wine naevus of the 
skin of the face in one or more divisions of the ipsilateral 
trigeminal nerve. The affected areas of the cortex 
became atrophic with the secondary deposition of 
calcium and iron materials that on x-ray examination 
showed characteristic double curvilinear outlines of the 
sulcal pattern. Occasionally ocular lesions such as 
buphthalmos were present. Incomplete forms of the 
disease might occur. 

The ages of the five patients described by the author 
ranged from 3} to 16 years at the time of operation. All 
had shown the facial naevus from birth, but epilepsy and 
infantile hemiplegia had not appeared until some months 
later. Four of the five patients showed well-marked 
behavioural disorders and all five were backward in 
varying degrees. Radiological evidence of gross atrophy 
of the affected cerebral hemisphere was forthcoming in 
each case, but the extent and variety of calcification varied. 

After operation all five patients had been completely 
free of fits and they had all shown an improvement in 
personality as well as in their intelligence quotients. 
The four that were operated on during the first decade of 
life had become educable. 

Similar results in individual cases had been recorded 
by other neurosurgeons, and Obrador (1958) had recently 
collected six such cases from the literature. Occasionally 
when the angiomatous lesion was circumscribed, a 
localized extirpation or a lobectomy would suffice, but 
these limited excisions were more likely to be followed 
by continuance of epilepsy. 

REFERENCE 
Acta Neurol. Latinoamer., 4, 70. 


Autotomography of the Third Ventricle, Aqueduct, and 
Fourth Ventricle 

G. G. DE GUTIERREZ-MAHONEY (New York City) said 

that autotomography was a technique for demonstrating 

a specific plane radiographically by the movement of the 

part of the subject being examined rather than by move- 

ment of the apparatus in use. The technique was first 
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described by Vallebona in 1930 to obtain detail of the 
bones at the base of the skull. Ziedses des Plantes (1950) 
applied the technique to pneumography in 1949 referring 
to it as “stratigraphie modifiée’. This method would 
often produce information which was obtained formerly 
only by using positive contrast ventriculography. 
Adequate visualization of the front and back of the third 
ventricle aqueduct, and fourth ventricle would result by 
using this manoeuvre. The use of positive contrast 
ventriculography could be reduced to a minimum. 

Autotomography was not intended to supplant the 
positive contrast technique since under certain cir- 
cumstances the ventricular system might be distorted to 
such a degree that the minute quantities of air accom- 
modated would not be sufficient to cast a diagnostic 
shadow on a radiograph. Under these circumstances 
positive contrast would have to be resorted to. Auto- 
tomography could be used during encephalography and 
during ventriculography. The advantages of this 
technique over other techniques of tomography were as 
follows: (1) Specialized equipment was not required; 
(2) The procedure might take only one minute and add 
approximately two minutes to the total time of the 
examination; (3) It could be incorporated into the routine 
examination of encephalography; (4) There was no 
need to transport the patient to another room or to other 
equipment, thereby losing air from the area of 
examination; (5) It could be performed at any stage 
during the encephalogram; (6) Without moving the 
patient who was either uncooperative or under general 
anaesthesia, it could be performed conveniently in 
the sitting position; (7) It could be used after ventriculo- 
graphy for the routine brow-up or brow-down pro- 
jections ;(8) It was performed in the sitting position 
which was that normally used for encephalography. 

During the rotation of the head the axis of rotation 
passed through the fourth ventricle, aqueduct, and third 
ventricle. Since these were midline, the shadows cast by 
these structures would move far less than those placed 
more laterally. The optimum degree of rotation ap- 
peared to result from a movement through 10°. The 
rate of rotation was unimportant, but the movement 
must be smooth and regular. 

The radiographic factors were: 
4 seconds, 50 mA, 66kV. 


Exposure time— 
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Intraspinal Epidermoid Tumours in Children 


J. SCHORSTEIN (Glasgow) reported five examples of 
this condition which he had operated on during the past 
One was congenital, in a spina bifida and 
The boy had always 
had a stiff back and suffered from intermittent attacks 


two years. 
connected to the skin by a sinus. 


of meningitis. 
Four occurred in children between the ages of 9 and 


13; they had all been treated by intrathecal injection of 


an antibiotic from seven to nine years before they were 
seen. Three had suffered from tuberculous meningitis; 
one had had an undiagnosed feverish illness and had been 
given intrathecal penicillin. The main complaints were 
pain in the low back and inability to flex the lumbar spine. 
Spinal rigidity was present in all, but only one had serious 
signs of compression of the cauda equina. Myelography 
confirmed the diagnosis. One patient had multiple 
tumours. 

The tumours were regarded as implantation epider- 
moids, entirely similar to the ones reported by 
Choremis, Economos, Papadatos, and Gargoulas in 
1956. Since conditions in tuberculous meningitis 
appeared more favourable to their development, the 
tumours were likely to become extinct, for intrathecal 
streptomycin therapy had been largely abandoned. 
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A Comparison of Seizure and Sleep Activation in Temporal 
Lobe Epilepsy 

W. A. KENNEDY and M. V. Driver (London) com- 
pared the value of sleep and seizure activation in the 
investigation of temporal lobe epilepsy and illustrated 
their techniques with a film. 

They stated that in temporal lobe epilepsy the aura 
had little value for lateralization which, unless there was 
a frank anatomical lesion, could be determined finaliy 
only by the E.E.G. In the absence of an E.E.G. record 
of a spontaneous seizure—usually impossible to obtain— 
repeated recordings of activity between seizures were 
necessary. These should include pentothal-sleep spheno- 
idal records, the advantages of which included: 

(1) More epileptic activity might be seen at the 
sphenoidal than at the surface electrodes since the former 
lay near the site of the pathological changes. In some 
cases discharges appeared solely at the sphenoidal 
electrode and would be missed entirely if surface 
electrodes only were used. 

(2) Bilateral sphenoidal discharges might occur when 
the surface recording suggested a unilateral focus. The 
latter might not indicate the significant epileptogenic 
lesion. 

(3) Absence or relative decrease of pentothal-induced 
fast activity on one side was strongly suggestive of the 
lesion being on that side. The most favourable case was 
that showing unilateral spike, sharp-wave, or complex 
discharges associated with a reduction of fast activity. 
Cases showing bilateral discharges need not be excluded 
from consideration for surgery if a clear dominance could 





be established on one side or if there was a pr minen 
unilateral reduction of fast activity. 

Should there be bilateral foci with no dominance ang 
no asymmetry of fast activity, lateralization of the 
epileptogenic lesion could sometimes be achieved if g 
seizure was induced by the slow intravenous injection of 
a convulsant drug. Either metrazol (leptazol) or megi- 
mide (bemigride) might be used and the activation was 
carried out under synchronized cinematographic and 
electrographic observation. The ideal case showing 
reproduction of the habitual aura and fit pattern together 
with a clearly related focal discharge in the E.E.G. was 
not always seen. Useful lateralizing or localizing in. 
formation could often be obtained but caution was 
needed in the interpretation of results. This method of 
activation (which might be combined with recording 
from multiple intracerebral electrodes) should be 
complementary to and not a substitute for the more 
generally useful pentothal-sphenoidal technique. 


Regeneration of the Anterior Lobe of the Human 
Pituitary Gland after Section of the Infundibulum 


PETER H. ScHurRR (London) reported the histological 
findings in the anterior lobes of the pituitary glands of 
eight patients suffering from breast or prostatic cancer 
with multiple metastases, treated by division of the 
infundibulum and insertion of a plastic plate to prevent 
neurovascular union between the pituitary and the 
hypothalamus. These patients died of their disease 
from 30 hours to 11 months after operation. The glands 
were studied by Professor P. M. Daniel and Miss 
M. M. L. Prichard. These workers had previously 
shown that a very extensive infarct was produced in the 
anterior hypophysis of sheep, goats, rats, and other 
animals after stalk section (Daniel and Prichard, 1958) 
but there was nearly always a small peripheral rim and a 
central tongue of living pituitary tissue. The survival of 
these cells depended on the arrangement of the blood 
supply to the anterior lobe. Similar areas of infarction 
and surviving cells were found in man (Daniel, Prichard, 
and Schurr, 1958, and unreported cases). 

The animals studied in the above experiments showed 
evidence of regeneration of anterior lobe cells. In some 
sheep the anterior hypophysis had virtually reformed by 
the end of three months after stalk section. It was now 
shown that a comparable series of changes took place in 
man, and almost complete regeneration might occur in 
about a year. A human pituitary gland examined 
30 hours after section of the stalk showed 90°% of the 
anterior lobe to be infarcted, and another examined six 
months after operation showed that only 35% was 
degenerate (J. H. Adams, personal communication). 
This evidence of regeneration of human anterior lobe 
tissue was also supported by the demonstration of 
mitotic figures in surviving cells, and by the condition 
of the gland after sufficient time had elapsed for regrowth. 
In both humans and animals, occasionally regeneration 
did not take place. 

The work of Harris (1955) supported the belief that 
the regenerated anterior lobe cells were, at least partly, 
incapable of physiological function so long as the gland 
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was isolated from the hypothalamus. The case of a 
patient treated in this manner was described. A bony 
metastasis from breast carcinoma consolidated to a 
considerable extent and other lesions improved. Never- 
theless, the evidence was not yet sufficient to advocate 
the operation in preference to total hypophysectomy. 
The changes in the human pituitary gland which followed 
stalk section were of fresh importance in view of the 
occurrence of traumatic rupture of the infundibulum. 
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Traumatic Infarction of the Anterior Lobe of the 
Pituitary Gland 

P. M. Daniet, MaArsorie M. L. PRICHARD, and 
C. S. Treip (London and Oxford) described five cases 
of infarction of the anterior lobe of the pituitary gland 
in patients with head injuries. The survival times 
ranged from three to 15 days and the predominant clinical 
feature was intractable coma; three patients had 
polyuria. At necropsy, fractures of the base of the skull 
were present in four cases, involving the sella turcica in 
three. All these cases had a large acute infarct involving 
the major part of the anterior lobe of the pituitary, only 
a little glandular tissue surviving at the periphery and 
posteriorly. Exactly similar infarcts in the anterior lobe 
of the pituitary were produced in both man and animals 
when the pituitary stalk was cut surgically (Daniel, 
Prichard, and Schurr, 1958; Daniel and Prichard, 1958). 
It was therefore presumed that the pituitary infarcts seen 
in these five patients were the result of traumatic rupture 
of the pituitary stalk. The extent and situation of the 
infarct was explained by the peculiarity of the vascular 
supply of the anterior lobe of the pituitary, which had no 
direct arterial blood supply but was supplied by the long 
portal vessels running down the pituitary stalk. Thus 
when the stalk was cut most of the anterior lobe was 
deprived of its circulation and only those insignificant 
areas, of which the blood supply is below the level of 
the diaphragm sellae, survived. 

A sixth case, in which, despite complete avulsion of the 
infundibulum, no infarct of the anterior lobe of the 
Pituitary was seen, demonstrated the anatomical point 
that a high lesion would spare the long hypophysial 
portal vessels of the pituitary stalk and their artery of 
supply, so that the anterior lobe was not infarcted. 

The survival in these cases was too short to demon- 
strate clinical signs of hypopituitarism, apart from 
polyuria, but a survey of the literature (Witter and 
Tascher, 1957) showed that if survival from the original 
injury was prolonged, all types of anterior and posterior 
hypopituitarism might occur. Diabetes insipidus was 
the commonest symptom and like the other manifesta- 
tions was often transient, though long-standing cases 
were recorded. Transient hypopituitarism or prolonged 
inexplicable coma after head injury should give rise to a 
Suspicion of a lesion of the pituitary stalk. 
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A Comparison of Bilateral Adrenalectomy 

and Hypophysectomy in Metastatic Breast Cancer 

J. L. HAywarpb (London) reported the results in a 
controlled series of patients with cancer of the breast 
subjected to endocrine ablation over the past five years. 
Half were treated by adrenalectomy with bilateral 
oophorectomy, and half by hypophysectomy. The type 
of operation was decided by random sample and no 
patient was excluded unless she was too ill to withstand 
either procedure. Adrenalectomy was always done in 
two stages and the pituitary removed surgically. 

The results of the operation were compared by the 
**mean clinical value’? (M.C.V.) method of assessment, 
and by the survival rate. In the present analysis 79 cases 
of adrenalectomy were compared with 70 cases of 
hypophysectomy. 

In the circumstances of the investigation the overall 
results of hypophysectomy were superior to those of 
adrenalectomy with oophorectomy, and were shown to 
be significant statistically using both the M.C.V. and the 
survival rate. 

Pre-operative urinary steroid levels had also been 
estimated and a significantly higher level of aetio- 
cholanolone and a significantly lower level of ketogenic 
steroids had been noted in those patients who subse- 
quently obtained benefit from either operation. These 
differences were prognostically more accurate for those 
patients who underwent hypophysectomy. 


Laboratory Findings and Clinical Results of Pituitary 
Stalk Section in the Treatment of Breast Cancer 

J. Le Beau (Paris) reported on a series of patients with 
breast carcinoma treated by section of the pituitary stalk. 
He noted that surgical hypophysectomy might be 
dangerous from bleeding during operation or vascular 
collapse post-operatively if cortisone treatment were 
stopped. It was probably true that this operation was 
often incomplete, new vascular connexions might 
develop between the stalk and pituitary remnants which 
would become reactivated. 

Eighteen pituitary stalk sections had been carried out 
since November, 1955. In the early cases a plate of 
tantalum foil was placed between the two ends of the 
stalk to prevent regeneration. In patients surviving 
from two months to one year after operation the 
anatomical results were a reunion of the two ends of the 
stalk and vascular regeneration in the scar. 

Since October, 1958, a plastic paste of a metacrylate 
compound had been placed between the ends. This 
paste could be moulded in situ and hardened in one or 
two minutes. Eleven cases had been treated in this way, 
including one of melanosarcoma, one of diabetes, and 
two of malignant exophthalmos. Only one case had 
come to necropsy shortly after operation and in this the 
tip of the central end of the stalk was closed by an 
avascular layer of acellular substance. 
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Clinically, the patients with breast carcinoma were 
doing well, the longest follow-up being 13 months. 
Some were troubled by diabetes insipidus but this seemed 
to be no worse than after hypophysectomy. The daily 
dose of cortisone appeared to be less than that necessary 
after total removal of the pitituary and was usually 
10 to 15 mg. 

The biological results were shown for 15 cases. The 
F.S.H. was absent or less than 5 mouse units in all 
patients. The 24-hour excretion of 17-ketosteroids was 
depressed in only nine patients. In eight of ten patients 
the hyperglycaemic curve was flattened, the blood 
cholesterol level raised, and the basal metabolic rate 
markedly depressed. In seven of 12 patients the thyroid 
fixation of radioactive iodine was considerably lowered. 

He concluded that in the treatment of breast cancer 
there were good reasons to give a trial to pituitary stalk 
section with a technique making sure that there was no 
regeneration of the stalk. 


A Comparison of the Results of Treating Parkinsonism 
by Leksell’s Stereotactic Machine and Using Cooper’s 
Technique 


L. S. WALSH (London) reported a series of 67 patients 
treated with Leksell’s method. He noted that the 
criteria of pre-operative disability and post-operative 
results had been agreed with Mr. Till so that the two 
series were comparable though they could not necessarily 
be compared with the results of other workers. Patients 
were considered improved if they felt they had been 
benefited by the operation, were able to do more, and if 
there was objective evidence of such improvement. The 
lesions in these cases were made by bipolar diathermy 
current, the electrodes being placed 1 cm. apart and 
bared for | cm. at theirends. All had lesions made in the 
pallidum, the antero-posterior point being a percentage 
of the antero-posterior commissure distance. In the 
early cases a lateral distance of 20 mm. from the midline 
was used but in the later cases this was moved 1-2 mm. 
further medial and anteriorly. The lesion was certainly 
in the pallidum but also extended medially into the in- 
ternal capsule and in some cases as far medially as the 
thalamus. improvement in rigidity had been more 
striking than in tremor though dramatic improvement 
in tremor had sometimes been obtained. There were no 
operative deaths but two patients died three and five 
months after operation of pneumonia. Both were 
severely disabled before operation and one had been 
slightly improved. Two patients were drowsy for a week 
or two after operation and one, otherwise improved, 
developed dysphasia and dyslexia which improved 
slowly; some dyslexia was still present more than a 
year after operation. A slight lower facial weakness was 
common and patients with dysarthria sometimes had a 
transient increase in speech difficulty. 

Of all patients, 76% were improved, 12% slightly 
improved, 6% were unchanged, and 6% were worse. 
Greater post-operative improvement was noted in those 
slightly disabled before operation than in those severely 
disabled. No great difference was found in the results of 
different age groups up to 65. 
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Bilateral lesions had been made in five cases, qjj 
symmetrical. There were no striking mental changes by 
the first and last of these developed a severe supranuclea; 
bulbar palsy with difficulty in speaking and Swallowing. 
In one, this lasted two weeks; in the other it was 
improving rapidly. 

K. Titt (London) then reported a series of 34 cages 
treated by Cooper’s method. The target had been the 
globus pallidus in two-thirds of the cases and the ventro. 
lateral part of the thalamus in the remainder. The 
overall results in the two groups had not been significantly 
different. 

There were two operative deaths from haemorrhage 
and two patients died later from pneumonia. Of all the 
cases, 65% were improved, 16% were unchanged, and 
16%, were made worse or died. The incidence of apathy, 
depression, and disturbance of speech had been high, 
and, although recovery was the rule, the convalescent 
period had caused far more concern than in the previous 
series. Only one patient had bilateral pallidal lesions 
made and the results were good on each occasion. It was 
noted that in one patient with Paget’s disease the head 
was too large for the machine. 

The authors agreed that the results were significantly 
better using Leksell’s technique than Cooper’s method. 
They felt that the accurate placement of a small lesion 
could only be done by the stereotactic technique but that 
where staff, equipment, and operating space were in- 
sufficient, Cooper’s method, or some modification of it, 
was justified in the treatment of Parkinsonism. 


Acrylic Investment of Intracranial Aneurysms 


J. DutTToN (Sunderland) made a further report on his 
method of acrylic investment in the treatment of intra- 
cranial aneurysms. He noted that “simplex rapid cold- 
curing acrylic” made by Dental Fillings Ltd. was selected 
because its physical properties were most suitable. 
Experiments in vivo had shown that apart from a mild 
localized microglial and astrocytic reaction in the 
molecular layers of the cortex, its presence had not 
proved detrimental in any way to underlying nerve cells. 
Cobalt irradiation had been found the method of choice 
for sterilizing the polymer and filtration through a Seitz 
filter for the monomer. 

The method was then outlined, the polymerized paste 
being injected through a wide-bore needle from a dental 
anaesthetic syringe allowing of investment of the sac and 
parent vessels. 

It was made clear that where more conventional 
methods of treatment were appropriate these were in- 
variably used. In three years only 17 cases had been 
treated by this method when it was thought that ligation 
or clipping proximal to the aneurysm or clipping the 
neck of the sac would be impossible. Nine cases of 
anterior cerebral aneurysm were treated. Six of these 
patients did well, one died six months later from liver 
damage following transfusion, and two died in the early 
post-operative weeks, their deaths not being attributable 
directly to the method. Eight cases of middle cerebral 
aneurysm were treated and all were doing well. 

Attention was drawn to the absence of recurrent 
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haemor:hage and certain points of technique were out- 
lined, including gentle traction to elevate the sac from its 
bed to allow acrylic to flow behind and the value of gutta 
percha as an efficient hammock when working in relation 
to the basal cisterns and optic chiasm. The value of the 
method in premature rupture was also discussed. 

In conclusion it was stated that the method appeared 
to be safe and effective and should be accepted as a 
recognized means of treating aneurysmal sacs not suitable 
for other methods and that personal communications 
indicated that this method had now been tried with 
success in different clinics throughout the world. 


Acute Paraplegia Due to Spontaneous Epidural 
Haemorrhage 


B. H. Dawson (Manchester) reported the case of a 
19-year-old girl who had suffered from pain between the 
shoulder and round the side of the chest for two years. 
The attacks occurred at two-monthly intervals. One 
morning a sudden and complete paraplegia developed 
over the period of an hour. The sensory loss extended 
up to T.3 dermatome. Lumbar puncture showed a 
protein level of 95 mg.% and complete block. Myelo- 
graphy disclosed a complete block of extradural type at 
T.4 level. An urgent laminectomy was carried out and 
disclosed a layer of solid blood clot in the epidural space 
| in. thick and 2 in. long. Irregular and distended vessels 
were seen within and around the haematoma. Clot was 
removed and the antiomatous mass excised. A com- 
plete recovery from the paraplegia followed. Histo- 
logical examination showed the lesion to be a venous 
angioma. 

He noted that there were 20 such cases reported in the 
literature since the first one in 1897. It was suggested on 
theoretical grounds that the usual cause was minor 
trauma rupturing an epidural venous abnormality. The 
present case seemed to confirm this hypothesis and 
showed that with early surgical intervention a complete 
recovery could be obtained. 


Some Observations on Subdural Haematoma 


G. B. Nortucrort (London) reviewed 100 consecutive 
cases of subdural haematoma confirmed at operation or 
necropsy. These were derived from a series of 1,022 
patients with acute head injuries admitted to the South- 
East Metropolitan Regional Neurosurgical Centre 
between January, 1949, and August, 1959. In the total 
series there were 179 deaths; of these 21 occurred in the 
haematoma series and analysis revealed that this mortality 
might have been halved if delay in diagnosis and 
inappropriate treatment had been avoided. 

In the “coma group” comprising 25 cases, the head 
injury had been severe enough to cause a persistent dis- 
turbance of consciousness. At periods varying from 
four hours to 13 days the level of consciousness either 
fell steadily or fluctuated and finally fell with the develop- 
ment or increase of neurological signs necessitating 
exploration. 
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In the “headache group” there were 75 cases. In 
55 cases there had been a head injury with lucid interval. 
The time between head injury and operation varied 
between four hours and one year. In 20 cases there was 
no history of head injury and the interval from onset of 
symptoms to operation varied from 10 days to six months. 
In both groups headache was followed by a deterioration 
in the level of consciousness and, in 65 cases, the de- 
velopment of one or more of the following physical 
signs: slowing pulse, papilloedema, pupillary abnor- 
mality, paresis, extensor plantar response, or pineal 
shift. These signs might be called the six Ps. In seven 
cases one or more of these signs developed without any 
disturbance of consciousness. In the remaining three 
cases exploration was carried out owing to increasing 
headache in two and from angiographic findings in one. 

In the coma group there were 13 deaths in 25 cases, 
four of them potentially avoidable, in the “lucid interval” 
group five deaths in 55 cases, three avoidable, and in tie 
“no head injury” group three deaths in 20 cases, all 
potentially avoidable. In the 11 unavoidable deaths, 
delay in diagnosis occurred in two instances. In the 
10 potentially avoidable deaths, delay occurred in one 
case but some technical fault in management occurred in 
nine cases. There were no deaths if the case history was 
longer than 14 days. 

In nine cases the haematoma was solid and these were 
treated by craniotomy. There were four deaths, one 
avoidable. In this case death was due to residual clot 
beneath the temporal lobe and it was stressed that a large 
bone flap should be made to provide easy access under 
the temporal lobe. 

In 79 cases the haematoma was fluid only and was 
treated by burrholes and aspiration. There were nine 
deaths, two of which were thought to be avoidable. 
Many cases resolved uneventfully after only one tap. 
If no deterioration occurred in a five-day period, further 
taps were probably unnecessary. If the haematoma 
contained 100 ml. or more, further taps were probably 
needed. 

In 12 cases of fluid and solid haematoma there were 
eight deaths, seven avoidable. These were due to un- 
identified solid clot and as their progress was sometimes 
slow there was ample time for angiography and 
craniotomy. 

It was estimated that in the 79 survivors, the morbidity 
was just over 20%. 

It was concluded that the most significant error in 
management was shown in the fluid-solid group, that 
division into acute and chronic haematomas was not 
necessary, and that with improved diagnosis and surgical 
management the mortality should not be greater than 
10%. 


The Coverage and Treatment of Acute Head 
Injuries 


There followed a discussion on the results of an enquiry 
circulated to the members of the Society concerning the 
coverage and treatment of acute head injuries with 
special reference to tracheostomy, dehydration, and 
hypothermia. 














































The Pathology of Tumours of the Nervous System. 
By Dorothy S. Russell and L. J. Rubinstein, with a 
chapter on Tissue Culture by C. E. Lumsden. (Pp. iii + 
318; 286 figures. 70s.) London: Edward Arnold. 
1959. 


Brain Tumours: Their Biology and Pathology. By 
K. J. Ziilch. Translated by Alan B. Rothballer and 
Jerzy Olszewski. (Pp. 308; 84 figures. $9.50.) New 
York: Springer. 1959. 


The first of these books is a companion volume to the 
recently published work on neuropathology* edited by 
the late J. G. Greenfield. The second is the English 
translation of Professor Ziilch’s Hirngeschwiilste which 
was recently reviewed in these columns. As both are 
works of outstanding merit, and as one or the other (if 
not both) demands a place on every English-speaking 
neuropathologist’s bookshelves, they will be reviewed 
side by side. 

The scope of the two books is somewhat different. 
For instance, the German author is only incidentally 
concerned with spinal and peripheral nerve tumours; 
on the other hand, he devotes a whole section to various 
non-neoplastic space-occupying processes occurring 
inside the skull. There is a difference, too, in the manner 
of presentation. Zilch devotes the first half of his book 
to general considerations, including detailed statistical 
analyses of the site, age and sex incidence of various 
tumour types; having made his own position clear on 
various disputed points of classification and interpreta- 
tion, he proceeds in the second half to a Summary 
description of the various tumours. The English authors 
prefer, in general, to deal with theoretical problems as 
they crop up in the discussion of individual tumours, 
and this practice adds a good deal of charm to the book. 
Description is invariably coloured by interpretation; 
consequently, descriptions given in the bald, take-it-or- 
leave-it text-book manner are apt to sound dogmatic, as 
though the writer’s interpretation was the only possible 
one. Russell and Rubinstein’s descriptions are pleasantly 
laced with speculation, argument, and even some re- 
strained polemics. The authors face and discuss the 
main problems of neuro-oncology, and do not, as many 
text-books do, draw curtains of verbiage over the gaping 
holes in our knowledge. 

It is interesting to note some of the points of variance 
between the German and the English authors. Using 
histological criteria, Russell and Rubinstein follow 
tradition in applying the same word, astrocytoma, both 
to the diffuse, inoperable cerebral growths seen in adults, 
and to the circumscribed, removable lumps of glia found 
in the cerebellum and elsewhere in children. Ziilch, 


*Neuropathology. Ed. Greenfield (105s.). London: Edward Arnold, 
1958. 
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on biological and practical grounds, separates the latte; 
group under the term “spongioblastoma”. Ziilch dog; 
not accept the idea that tumours of microglia occur; the 
by no means rare condition described by Russell anj 
others as “microgliomatosis” would presumably ty 
classified by Ziilch as a diffuse sarcomatosis of vessel, 
or a “special granuloma”. The “giant-celled glio. 
blastoma” of Russell and Rubinstein is, according to 
Ziilch, a “monstrocellular sarcoma’’. , 

Professor Lumsden’s chapter on the application of 
tissue culture techniques to tumours of the nervous 
system requires special mention. His account of his own 
and other people’s work up to the present, and his 
judgments on the scope and limitations of the method, 
make fascinating reading. It is rather characteristic tha 
the English book ends with a leap into the mysterious 
realm of future research, whereas the German one ends 
with some practical instructions on the routine examina- 
tion of pathological specimens. 

Both books are well illustrated. The English work 
scores higher marks for quantity and quality of photo- 
graphic reproductions: the German one contains some 
very useful diagrams. Both include copious biblio- 
graphies and (an important point in a work of reference) 
simple and convenient indexes. 


Neuro-Ophthalmologie, Volumes | and II. By L 
Guillaumat, P-V. Morax, and G. Offret; Preface by 
Th. Alajouanine and D. Petit-Dutaillis. (Pp. 1388; 


464 figures, 11 colour plates. Paper covered. Fr. frs. 
19,000, stiff cloth covered Fr. frs. 21,500.) Paris: Masson. 
1957. 


These are wonderful volumes. Neurologists are con- 
stantly engaged in studying vision, but all can lear 
much from the scientifically minded ophthalmologist 
who will keep him informed of the latest techniques for, 
say, studying the movements of the pupil by pharmaco- 
logical tests or for recording them on a pupillogram. 

The methods of investigation described in Volume | 
are of special interest. In Volume II, all affections of the 
nervous system which ever affect vision are reviewed and 
provide a useful cross-reference to the clinician. Every 
neurologist will be glad to have access to these volumes. 


Right-Left Discrimination and Finger Localization: 
Development and Pathology. By Arthur L. Benton; 
Foreword by Adolph L. Sahs. (Pp. xv + 185. $ 7.00.) 
New York: Hoeber. 1959. 


Stimulated by a long-standing interest in the Gerst- 
mann syndrome, Dr. Benton has already reported 4 
number of studies of the development of lateral orienta- 
tion and finger gnosis in normal and subnormal children. 
These studies are summarized in the present volume and 
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the methods used by the author and his colleagues 
clearly described. In addition, however, Dr. Benton 
provides a useful account and discussion of disturbances 
of the body scheme as encountered in adults, in relation 
to both diffuse and focal cerebral pathology. His main 
conclusions are, first, that disturbances in discrimination 
of right and left involve a symbolic element and are thus 
closely related to aphasia; and secondly, that the 
localization of the Gerstmann syndrome is almost 


; certainly less circumscribed than is commonly supposed. 


In conclusion, Dr. Benton enters a justifiable plea for 
closer psychological study and analysis of disorders 
conventionally ascribed to the body scheme. 

As an American psychologist, the author of this clearly 
written and thoughtful book is unusual in at least two 
respects. First, he takes clinical neurology seriously; 
and secondly, he is familiar with the European literature. 
It may therefore be hoped that English neurologists will 
repay the compliment by reading his book. 


Post-Natal Development of the Human Cerebral 
Cortex, Volume VI: The Cortex of the Twenty-Four- 
By J. LeRoy Conel. (Pp. 309; 201 
Harvard University Press (London: 
1959. 


Although the total number of neurones in the brain is 


figures. 100s.) 


_ determined at birth, the nerve cell structure, the cell 


processes, and fibre tracts show enormous development 
and growth during the early years of life. This volume 
is the sixth of an important series of studies (familiar to 
many) covering the changes during the first two years of 
life, and it is interesting that the greatest developments 
reported for the 15 to 24 month age period are in the 
frontal lobes. These studies are of great interest to those 
concerned with the processes of brain development and 
learning. 


A Textbook of Neurology, 2nd ed. revised. By H. 
Houston Merritt. (Pp. 765, 182 figures and 123 tables. 
93s. 6d.). London: Henry Kimpton. 1959. 


This textbook has established itself as a sound and lucid 
account of what is best in American neurology. The 
section on metabolic diseases has been expanded to 
include new knowledge and all the chapters have been 
brought up to date. 


Anastomoses Between the Leptomeningeal Arteries of 
the Brain. By Henri M. vander Eecken; Preface by 
Raymond D. Adams. (Pp. xvi + 160; 62 figures. 
57s. 6d.) Oxford: Blackwell Scientific Publications; 
Springfield, Illinois: Charles C. Thomas. 1959. 


This anatomical study, using an injection technique, 
of 40 adult human brains and a series of embryos and 
foetuses is an important contribution to knowledge of 
the extent to which anastomoses exist between the 
terminal branches of the main cerebral arteries. That 
these exist has long been claimed (Heubner, 1874) but 
it has been disputed. Dr. vander Eecken has given the 
realer a dynamic conception of vascular development 
from the embryo onwards. This, governed by the needs 
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of the tissue and hydraulic influences becomes progress- 
ively modified as the surface of the brain gains in 
complexity. Considerable regression of the early 
anastomotic channels results after the seventh month of 
intrauterine life, but this varies in different individuals. 
Thus the complete blockage of a major artery produces 
variable degrees of infarction in different subjects and, 
if the anastomoses are unusually abundant, softening 
may not occur. The notable vulnerability of the deep 
white matter also becomes explicable since no anasto- 
moses can be demonstrated at this level. 

Excellently produced and illustrated, this short mono- 
graph is recommended to all students of the detailed 
vasculature of the brain. For the most part it has been 
happily translated from the Flemish thesis (1954). The 
only regret is that it is disproportionately expensive. 


Heavy Metals and the Brain. By J. N. Cumings. 
(Pp. vii + 161. 32s. 6d.) Oxford: Blackwell Scientific 
Publications. 1959. 


The author states that he was asked to write a book 
on heavy metals and the central nervous system but 
eventually decided to limit it to heavy metals causing 
pathological abnormalities in the brain. He deals in the 
most meticulous way with the historical background and 
scientific papers relating to hepatolenticular degenera- 
tion, a subject to which he has contributed much original 
work. 

The detailing of the case histories, bibliography, and 
discussions here are excellent. Reference is made to 546 in- 
dividual cases of hepatolenticular degeneration discussed 
in the literature; treatment of hepatolenticular degenera- 
tion with B.A.L. and with other compounds which prevent 
copper absorption or increase copper excretion is dis- 
cussed. In discussing current theories of aetiology two 
main theories are mentioned: (1) Disturbance of copper 
metabolism associatell with an inborn deficient synthesis 
of caeruloplasmin; and (2) primary defect in protein 
metabolism resulting in abnormal binding of proteins 
with copper; pepiduria and chronic amino-aciduria 
resulting from the disorder of protein metabolism or 
from renal damage. 

It is a pity in many ways that the book was not con- 
fined to hepatolenticular degeneration, as the remaining 
two chapters dealing with mercury and lead are merely a 
catalogue of the literature and lack original interest. 


Pain. By W. Noordenbos. (Pp. 182; 40 figures. 
42s. 6d.) Amsterdam: Elsevier Publishing Company. 
1959. 


This book is very much a personal contribution of a 
neurosurgeon to the literature of pain. The author 
takes on the difficult task of reconciling clinical observa- 
tions on chronic painful states with current anatomical 
and physiological knowledge. He chooses to discuss 
chiefly those conditions dominated by a peripheral lesion, 
such as post-herpetic neuralgia, causalgia, and phantom 
pain. His arguments in favour of the importance of a 
multisynaptic afferent system in the spina! cord are based 
firmly on clinical and histological knowledge, and should 
be read by anyone interested in painful conditions. 






































































































88 


Ciba Foundation Study Group No. 1. Pain and Itch: 
Nervous Mechanisms. Edited by G. E. W. Wolsten- 
holme and M. O’Connor (Pp. viii + 120; illustrated. 
12s. 6d) London: J. & A. Churchill. 1959. 


The first Ciba Foundation Study Group includes both 
the papers and the contributions to discussion of a 
number of distinguished workers in this field. Under 
the Chairmanship of Lord Adrian eight papers were 
given and their implications explored. The problems of 
correlating fibre performance and sensory perception 
emerge clearly, and this is a most welcome aggregation 
of current views and advancing knowledge in the 
physiology of pain. 


Evolution of Nervous Control: from Primitive Organ- 
isms to Man. Publication No. 52 of the American 
Association for the Advancement of Science. Arranged 
by Bernard B. Brodie and Allan’ D._ Bass, 
edited by Allan D. Bass. (Pp. 240; 61 figures. 52s.) 
London: Bailey Bros. & Swinfen. 1959. 


This small book contains nine essays on the nervous 
system. All are interesting though not all are about the 
evolution of nervous control. Dr. Niu, for instance, 
gives a short account of some problems cf growth 
“organizers” or inducers. Three other essays are mainly 
concerned with biochemical aspects of nervous activity 
and the biochemical mechanisms of nerve behaviour are 
referred to in several others. This is perhaps sympto- 
matic of a new and growing approach in modern 
neurological science in which cytochemistry and _ its 
ramifications into neuropharmacology are used to 
analyse and predict the behaviour of the nervous system. 
Thudicum is coming into his own again as Dr. Page 
illustrates in his essay on the chemistry of the brain. 

All these essays could be profitably read by clinical 
neurologists. This picture of the brain as a hormonal 
organ will be novel and refreshing to many. 


Proceedings of the First International Congress of 
Neurological Sciences, Brussels. Vol. III: Electro- 
encephalography, Clinical Neurophysiology and_ Epi- 
lepsy Edited by Ludo van Bogaert and J. Radermecker. 


(Pp. 707; illustrated. 140s.) London: Pergamon Press. 
1959. 


This large and handsome book is a supplement to the 
already published proceedings of this Congress. The 
editors were commissioned by the organizers of the 
various sections to publish a complete text of com- 
munications and discussions. 


The Process of Ageing in the Nervous System. By 
thirty-two contributors, edited by James E. Birren, 
Harry A. Imus, and William F. Windle. (Pp. xii + 224; 
43 figures. 52s.; 6d.) Oxford: Blackwell Scientific 
Publications. 1959) 


This report is of a conference held at Bethesda in 
January, 1957, and is the fifth monograph in the series 
of publications of Symposia in Neurcanatomical Sciences. 
In addition to reports of many interesting discussions 
there is a useful list of about 300 references. 
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Recent Neurological Research. Edited by A. Biemonj 
et al. (Pp. viii + 330; illustrated. 47s. 6d.) Amster. 
dam: Elsevier Publishing Company (London: D. Vay 
Nostrand). 1959. 

This collection of 28 papers is published on the 
occasion of the fiftieth anniversary of the Amsterdam 
Neurological Society. They cover a wide range of neuro. 
logical interests and this variety makes the book 
particularly pleasing. 

A few of the contributions may be mentioned: Con. 
ditioned Synapses (Bok); Cerebellar Granule Cell 
Degeneration in Chronic Tuberculosis (Biemond): 
Genuine Epilepsy and Cerebral Glioma (Kramer): 
Diabetic Myelopathy (Stenvers); Photogenic Epilepsy 
(van Wulfften Palthe); Unilateral Atrophy of Fornix 
(Schenck); The Mills Syndrome (Sillevis Smith and 
Willemse). 

Most readers, however, will find their own selection of 
interest in these contributions from such a_ vigorous 
society. 


Closed Ranks—An Experiment in Mental Health 
Education. By Elaine Cumming and John Cumming. 
(Pp. xx + 192. 28s.) London: Oxford University 
Press. 1957. 

The prevention of mental disorders is regarded as a 
more desirable achievement than their treatment: but 
health authorities are quite unjustly blamed for failing 
in their duty if they do not put a preventive campaign 
foremost in their mental health programme. The in- 
justice arises from ignorance of the essential elements 
in the problem: the alterable causes of mental disorder, 
and the means whereby they can be altered. In spite of 
assertions ex cathedra, we do not yet know much about 
the relative weight to be given to the multiple causes of 
mental illness; and where we have good reason for 
attributing much importance to particular environmental 
or genetic influences, we cannot yet discern how to 
modify or obliterate those which are most harmful. 
A striking object lesson is provided by the conscientious 
and determined effort so honestly described in this book. 
The authors attempted to alter the attitudes to mental 
disturbance in a small Canadian town. The psychiatric 
services had expanded in the Province, but workers found 
that the rehabilitation of patients discharged from mental 
hospitals was greatly hampered by lack of public under- 
standing and sympathy. Dr. and Mrs. Cumming there- 
fore embarked on an experiment, designed to evaluate 
the effectiveness of a vigorous experiment in mental 
health education. They also studied a “control town”, 
comparable in size and general characteristics. The 
educational programme was similar to those advocated 
and used by mental hygiene associations in many 
countries: it depended chiefly on talks, radio pro- 
grammes, study groups, films, and newspaper items. 
In spite of much sincere effort, the experiment was a 
dangerous failure. It provoked suspicion and sharp 
antagonism; the townspeople became so angry about it 
that the Mayor told the investigators that the sooner they 
left, the better; and there was nothing at all to suggest 
that it improved the community’s attitude towards mental 
illness. 









— on 
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The third part of this illuminating book is given up to 
a theoretical analysis of what went wrong and why it did 
so, with a discussion of its implications for further work 
in mental health education and kindred preventive 
measures. It is likely that its lessons are as applicable in 
this country as in North America. 


Die beginnende Schizophrenie. 
viii + 165; 3 figs. 
Thieme. 1958. 

This interesting clinical and psychopathological study 
is intended to strike a middle way between the phe- 
nomenological analysis of the Heidelberg school, led 
by Jaspers, and the existential approach of which 
Binswanger is the leading exponent. Professor Conrad’s 
method entails close examination of the structure and 
sequence of psychotic illness. The clinical material on 
which his conclusions rest consists of the case records of 
107 men who developed an acute schizophrenic dis- 
turbance while on military service in 1941-42. 

He stresses, as characteristic factors in the variations 
of schiz»phrenic experience, a sense of heightened sig- 
nificance, and a sense of utter self-reference as though 
everything in the world turned round the patient. How 
these factors combine and affect the formation of de- 
lusions at various stages of the illness—Dr. Conrad holds 
that there are five recognizable phases through which 
schizophrenia may pass—is described with subtlety and 
insight. Like so many other excursions into psycho- 
pathology, this thesis will not stand or fall by the evidence 
first presented but by the extent to which it stands after 
its statements have been freed from ambiguity and 


By K. Conrad. 
DM 19.80.) Stuttgart: 


(Pp. 
Georg 


subjected to systematic scrutiny and attempted refutation. 


Diagnostica Psichiatrica: Parte Speciale. By Agostino 
Rubino; Foreword by V. M. Buscaino. (Pp. xiv + 443; 


99 figures. L. 5500.-.) Naples: Libraria V. Idelson. 
1958. 


This is the second of three volumes in which Dr. 
Rubino expounds the methods and material of psy- 
chiatric diagnosis. In the first volume, which appeared 
in 1954, he set out the technique for investigating symp- 
toms. The present volume deals with syndromes, and 
can be regarded as a descriptive work, standing closer 
in general outlook to French than to Anglo-American 
psychiatry. As might be expected from a lifelong 
associate of Professor Buscaino, who writes a pungent 
foreword to the book, constant emphasis is laid on the 
somatic and especially the metabolic findings in each 
syndrome: so much so, that the reader frequently wants 
to look up the source from which a statement about some 
novel chemical finding has been derived. Unfortunately 
search for evidence supporting such findings has to be 
conducted by roundabout means, since the author quotes 
names galore but never gives any bibliographic references. 
The book is well produced: numerous lengthy footnotes 
and illustrations (some in colour) enlarge the text. 
Dr. Rubino’s book is a convenient guide to the views 
and findings of the Naples school of psychiatry—one of 
the most determinedly and consistently “biological” 
schools in the world. 


Psychiatry in the British Army in the Second World 
War. By Robert H. Ahrenfeldt; Foreword by J. R. 
Rees. (Pp. xv + 312. 35s.) London: Routledge and 
Kegan Paul. 1958. 

The author of such a historical record as this cannot 
count on a multitude of interested readers. The story is 
not dramatic, the details of administrative ups and downs 
can be tedious, the psychiatrists who participated in the 
events have developed other interests in the intervening 
decade and a half. Dr. Ahrenfeldt, however, sets out his 
chronicle in an orderly, readable way, with ample refer- 
ence to the documents upon which he has drawn and 
the persons who initiated the various therapeutic or 
prophylactic measures described. The book is pervaded 
by a flavour of defensive regret at the criticisms and 
distrust which Army psychiatrists often encountered; 
the author compares them to “‘a prophet or a missionary 
in a foreign, and perhaps rather hostile, country”. This 
evangelizing sense of mission which undoubtedly existed 
must itself have caused some of the troubles of army 
psychiatry: zeal and high confidence can excite, as well 
as break down, opposition. 

The main chapters of the book deal with personnel 
selection, officer selection, mental defect and dullness, 
disciplinary problems, treatment and disposal, “forward 
psychiatry”, training and morale, and the resettlement of 
prisoners of war. This list recalls the extended scope 
eventually given to psychiatric work in the Army, and 
Dr. Ahrenfeldt describes in an admirably factual way 
the stages and shifts through which these functions were 
exercised in varying degree. Appendices contain a report 
submitted to the War Office by Dr. Ahrenfeldt and a 
colleague in 1949 on the “disposal of delinquents’, and 
an informative statement of the incidence of desertion in 
the First and Second World Wars, in relation to the death 
penalty for this offence. 


Grosse Nervenartze, Vol. 2. Edited by Kurt Kolle. 
(Pp. x + 252; 21 photographs. DM 29.40.) Stuttgart: 
Georg Thieme. 1959. 

Professor Kolle has rendered neurology and psychiatry 
a service by collecting this further batch of biographical 
appraisals of our giants. There are 22 in this volume. 
First come the anatomists, Golgi, Nissl, Alzheimer, 
Brodmann, and the Vogts; then Helmholtz and Quincke; 
and an imposing array of clinicians—five of them 
psychiatrists and four neurologists. The psychiatrists are 
a cosmopolitan group—Esquirol, Meynert, Wernicke, 
Adolf Meyer, and Gaupp; the neurologists are Pierre 
Marie, Babinski, von Economo, and Henry Head. The 
last group, classed as “therapists”, is made up of the 
surgeons Horsley, Dandy, and Clovis Vincent, and 
the psychiatrists Dubois and Simon. The contributors are 
all well qualified to deal with their subject: they had been 
in many instances pupils or associates of the man they 
write about. Each reader will have his favourite chap- 
ters: it may safely be concluded that Spatz’s account of 
Nissl will figure on most lists. At the end of the book 
there is an informative historical note by Professor 
Ackerknecht on European centres of teaching and 
research in neurology and psychiatry, apart from those 
in Germany and Austria. 
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A Manual of Psychiatry, 4th ed. By K. R. Stallworthy. 
(Pp. 365. 30s.) New Zealand: N. M. Peryer. 1959. 

This is a clearly written textbook of psychiatry, 
principally intended for the use of nursing and medical 
students. In this new edition, new sections have been 
added on tranquillizing drugs, on psychiatric disturbances 
in childhood, senility, pregnancy, and on personality 
reactions to physical disease. 


Books Received 


(Review in a later issue is not precluded by notice here of books 
recently received.) 


Die Prophylaxie der Schlafstérung, 2nd ed. By Paul 
Vogler. (Pp. 130. DM 15.-.) Leipzig: Thieme. 1959. 

Report of the Medical Research Council for the Year 
1957-1958 [Cmmd. 792]. (Pp. viii + 288. 13s.) 
London: H.M. Stationery Office. 1959. 

Das Hirngeschadigte Kind: Psychologie und Diag- 
nostik. By Karl-Hermann Wewetzer. (Pp. viii + 117; 
9 figures. DM 19.80.) Stuttgart: Thieme. 1959. 


The Very Error of the Moon. By Theo G. Gray. 
(Pp. 191; 4 figures. 15s.) Ilfracombe: Arthur H. 
Stockwell Ltd. 1959. 


Mental Health Problems of Aging and the Aged. 
Sixth Report of the Expert Committee on Mental Health 
(Wld Hith Org. techn. Rep. Ser. No. 171]. (Pp. 51. 
3s. 6d.) London: H.M. Stationery Office; Geneva: 
World Health Organization. 1959. 


Somatic Complications Following Legal Abortion. By 
Jan Lindahl; translated by S. H. Vernon. (Pp. 182. 
42s.) London: William Heinemann. 1959. 


Gruppenpsychotherapie und Psychodrama. 
Moreno. (Pp. xii + 327; 20 figures. 
Stuttgart: Thieme. 1959. 


Clinical Reports of the Adelaide Children’s Hospital, 
Vol. 3, No. 2, 1956-59. (Pp. 153; illustrated.) North 
Adelaide: The Adelaide Children’s Hospital, Inc. 
1959. 


Operative Surgery: Eyes, Ear, Nose and Throat, 
Neurosurgery. Edited by Charles Rob and Rodney 
Smith. (Pp. xxiv+ 18 parts; heavily illustrated. 
£9. Os.) London: Butterworth. 1959. 


A.R.N.M.D. Research Publications, Vol. XXXVII: 
The Effect of Pharmacologic Agents on the Nervous 
System. Edited by Francis J. Braceland. (Pp. xi + 488; 
124 figures, 34 tables. 108s.) London: Bailliére, 
Tindall & Cox. 1959. 


Radiographie du Crane et de la Face dans la Maladie 
Osseuse de Paget. By J.-A. Liévre and H. Fischgold. 
(Pp. 132; 75 figures. Fr. frs. 4,000.-.) Paris: Masson. 
1959. 

Histonomy of the Cerebral Cortex. By S. T. Bok. 
(Pp. ix + 434; 175 figures. 72s.) London: D. Van 
Nostrand; Amsterdam-London-New York- Princeton: 
Elsevier Publishing Co. 1959. 


Peripheral Facial Palsy: Pathology and Surgery. By 
Karsten Kettel; Foreword by Terence Cawthorne. 
(Pp. 341; 127 figures. £6 Os.) Oxford: Blackwell 
Scientific Publications. 1959. 


By J. L. 
DM 48.-.) 


Chemical Quantitation of Epinephrine and Norepine. 
phrine in Plasma. By William Muir Maner, Khalil G 
Wakim, and Jesse L. Bollman. (Pp. 398; illustrated. 
87s. 6d.) Oxford: Blackwell Scientific Publications. 
Springfield, Illinois: Charles C. Thomas. 1959. 


Psychological Appraisal of Children with Cerebraj 
Defects. By Edith Meyer Taylor. (Pp. xvii -|- 499 
68s.) Harvard University Press (Commonwealth Fund): 
London: Oxford University Press. 1959. 





International Journal of Neurology 

The first issue of this new journal appeared in 
December, 1959. 

The Editorial and Advisory Board includes out- 
standing neurologists of Europe and America. It will 
be distributed all over the world, and articles may be 
written in English, French, German, or Spanish, with a 
summary in the remaining languages. Each number will 
deal with one subject. The first number was devoted to 
epilepsy. 

The International Journal of Neurology will appear 
every three months. The subscription rate is $10 
a year, which can be sent to the following address: 
International Journal of Neurology, Calle Buenos Aires 
363, Montevideo, Uruguay. 


Centenary of the National Hospital, Queen Square, 
London 


The National Hospital, Queen Square, will be cele- 


brating its centenary in 1960 from Monday, June 20 


until Saturday, June 25 inclusive. The occasion will be 
marked by neuro-historical presentations, as well as by 
a wide range of social functions. Personal invitations are 
being sent to every former student and house officer at the 
hospital. In addition, the hospital extends a most 
cordial welcome to neurologists, neurosurgeons, and 
others to participate in these activities. Notices are being 
sent to all official neurological and neurosurgical societies. 
For details, apply to Dr. Macdonald Critchley, National 
Hospital, Queen Square, London, W.C.1. 


Scandinavian Society of Neurosurgery 
The fifteenth annual meeting of the Scandinavian 
Society of Neurosurgery will take place at the 
Lanslasarettet, Lund, Sweden, on Friday and Saturday, 
September 9 and 10, 1960. Further information may be 
obtained from Docent Lars Leksell, M.D., Lanslasarettet, 
Lund, Sweden. 


First European Congress of Paediatric Psychiatry 

The first European Congress of Paediatric Psychiatry 
will be held in Paris from Friday to Tuesday, September 
16 to 20, 1960. This is organized by L’ Union Européenne 
des Pédo-Psychiatres. Further information may be 
obtained from Docteur Duché, Secrétaire Général! du 
Comité d’Organisation du Congrés, Le Salpétricre, 
Pavillon Clerambault, 47 Boulevard de l’H6pital, Paris 
XIITe. 
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RELIEF OF PAIN AND PARAESTHESIAE BY NERVE 
BLOCK DISTAL TO A LESION 


BY 


R. F. KIBLER* and P. W. NATHAN 


From the Neurological Research Unit of the Medical Research Council, the National Hospital, Queen Square, 
London, W.C.1 


Lesions of afferent pathways may give rise to a 
variety of spontaneous sensations. When a lesion 
affects nerves, nerve roots, the root entry zone, 
or the spino-thalamic tract, the sensations are usually 
those of pain and painful pins and needles; when 
it affects the posterior columns of the cord, the 
sensation is one of painless pins and needles or of 
tingling. It is natural to think that the pain and 
paraesthesiae are due to the discharge of nerve 
fibres in or near the lesion, and that the lesion on 
the afferent pathway causes these nerve fibres to fire 
off. 

In this paper, evidence will be presented to show 
that local anaesthetic injections of the afferent 
pathway, distal to the site of the lesion, may stop 
the pain or paraesthesiae; further, that this effect 
may far outlast the duration of the anaesthesia; 
and further, that blocking a peripheral nerve supply- 
ing a large part but not the whole of the region 
where the pain or paraesthesiae are felt may remove 
these sensations from the entire region. 

A summary of the cases in which a nerve block 
distal to the lesion gave these results is presented 
as Table I. The cases are now briefly described and 
the experimental protocols are given. 


Results 

N.T. (National Hospital No. 80434.)—This 42-year- 
old woman was admitted to the National Hospital in 
November, 1958. In January, 1955, she had first noticed 
a cramping feeling and pins and needles in the right 
hand, extending up the outer aspect of the forearm and 
arm. Within one month of the onset of these para- 
esthesiae, moderate weakness of the limb developed. 
She was treated by traction of the neck and ordered to 
wear a sling. The strength of the limb returned to normal 
within a few months, but the paraesthesiae, although less 
intense, persisted till the time of admission. Six months 
before admission she found that her right leg and foot 
were becoming clumsy. 

When she arrived in hospital, she described these 
Paraesthesiae in the right upper limb as “irritating and 


_ 





*Ma’kle Scholar from the University of Pittsburgh. 


bothersome” but not as a true pain; she said that the 
skin in the affected region was unduly sensitive, anything 
rubbing it causing an increase in the paraesthesiae and 
making the sensation very unpleasant. She stuted that 
hot and cold felt more intense in this area of skin, 
although she had burned the little finger without noticing 
any pain. The appreciation of light touch and two-point 
discrimination was diminished over all the fingers of 
the right hand and on the thumb; these changes were 
most marked in the thumb and index finger. The 
paraesthesiae of which she was complaining were 
aggravated by stroking or scratching the thumb, the 
index, the radial side of the forearm, the outer surface 
of the upper arm, and also a small area on the anterior 
chest well just below the clavicle. The right biceps jerk 
was diminished. All rapid movements of the right foot 
were impaired; and the plantar response on the right 
was the Babinski type. 

The cerebrospinal fluid contained 6 lymphocytes and 
0-8 mg. of protein per ml. Radiographs of the cervical 
spine, a myelogram, and an air encephalogram were 
normal. 

This patient’s main symptoms and signs indicated 
involvement of several cervical roots or spinal segments 
of the cord on the right, and, in particular, the sixth 
cervical. The damage to the long tracts affecting the 
movements of the right lower limb had occurred more 
recently. It was thought most likely that the patient 
had disseminated sclerosis; damage to the nerve roots 
and spinal cord on the right side by prolapsed discs was 
considered as an alternative diagnosis. 


Protocol of Experiment.—Before the injection of the 
right median nerve, the pins and needles sensation was 
confirmed to be present mainly in the palmar surface of 
the right thumb; the cramping sensation was present 
in the entire right hand. The sensations were described 
as unpleasant; they were aggravated by stroking. 

The first attempt at injecting the median nerve above 
the elbow failed, the medial cutaneous of the forearm 
being injected in error. In one sense, this injection thus 
acted as a control. The patient knew she had had an 
injection, and she experienced some numbness in the 
limb but this injection had no effect on the paraesthesiae. 

The median nerve was then injected with 1% ligno- 
caine successfully just distal to the elbow. There ensued 
a rise in temperature and much diminution in sensibility: 


































































































































































































R. F. KIBLER AND P. W. NATHAN 


TABLE I 
PATIENTS INVESTIGATED 





| Main Segments | 





Structure 











Pe . : : Kind of 

Patient’s : : Site of Lesion where Pain or : Blocked ere 

Initials Diagnosis (presumed) Paraesthesiae peeinnies by Local | Results 
| are Felt Anaesthetic | 

N.T. Probably disseminated | Spinal roots | 6th cervical Unpleasant Median nerve | Removal of Pins and 
sclerosis, possibly | pins and | needles and sensation o 
prolapsed cervical | needles and | | cramp. They remaine 
discs sensation of absent several hou; 

| cramp after anaesthesia haj 
worn off. 

J.N. Carcinoma of Spinal roots | 7th and 8th Pain Ulnar nerve Removal of pain. It tf. 
bronchus spreading | cervical mained absent severa| 
inte spinal canal } | hours after anaesthesig 

| had worn off. 

G.N. Disseminated sclerosis | Posterior root 8th cervical Burning pain Ulnar nerve Permanent relief of pain 

: | _ entry zone after second injection 

A.R. Disseminated sclerosis | Fasciculus | 7th and 8th Pins and Ulnar nerve Removal of pins and 

| }  cuneatus cervical needles needles 

H.G. | Syringomyelia | Posterior horn | 6th, 7th, and Aching pain Ulnar nerve Removal of pain 

| 8th cervical 
G.B. | Intramedullary spinal | Spinothalamic | Sth lumbar to Burning pain Sacral roots Removal of pain 
cord lesion | tract 5th sacral 
inclusive 
L.R. | Carcinoma of cervix Sacral roots Sth lumbar to Pain Sciatic nerve Removal of pain 
| uteri Sth sacral 
inclusive 
IP. | Prolapsed lumbar Spinal roots 3rd lumbar Burning pain (a) Skin Removal of pain 
| discs (b) Femoral Removal of pain; it re. 
nerve | mained absent 46 hours 





after anaesthesia had 
worn off 





the sharp and painful element of pin prick throughout 
the median distribution had gone, but touch and pressure 
were still felt. Both pins and needles and the cramping 
sensation disappeared completely. When the skin on 
the outer side of the right arm and on the anterior aspect 
of the chest was rubbed with the examiner’s finger, the 
region which had previously given rise to the unpleasant 
dysaesthesiae, now felt “smooth and velvety”; it had 
no unpleasant components and no longer had the 
sensation of pins and needles. 

Fifteen hours later the patient still had no return of 
the pins and needles and no cramping feeling; thus this 
relief outlasted any objective effects of the local anaes- 
thetic. Scraping a pin across the skin supplied by the 
median nerve no longer caused the unpleasant dysaesthe- 
siae, but scraping it across the skin below the clavicle 
caused them. 


An incomplete block of the median nerve stopped 
spontaneous paraesthesiae and the unpleasant 
dysaesthesiae produced by firm stroking of the skin; 
the block was differential, in that it affected mainly 
the sympathetic fibres and those subserving pain. 
The relief was not restricted to the median territory 
but extended from the fourth to the seventh cervical 
dermatomes. The effect outlasted the analgesia 
induced by the local anaesthetic solution. 


J.N. (National Hospital No. 81349).—This 36-year-old 
man was admitted to the National Hospital in November, 
1958. Six months before admission a lobe of the left 
lung had been removed for carcinoma of the bronchus. 
A few weeks after the operation, the patient began to 
have pain down the inner side of the left forearm, 
extending into the fourth and fifth digits, where he also 









developed tingling and numbness. Two months befor 
admission a pain of similar quality and distribution had 
appeared in the right upper limb. Weakness developed 
rapidly in the left and then in the right hand. Two weeks 
before admission the patient had developed severe pain 
between the scapulae and weakness of both lower limbs. 

On examination, he had much weakness of both upper 
limbs, more of the left than the right, and wasting of the 
muscles of both hands and of the left forearm. The 
biceps and triceps jerks on the left were absent. There 
was weakness of both lower limbs, both plantar responses 
were of the Babinski type, and there was bilateral ankle 
clonus. All forms of sensibility were diminished over 
the last three fingers and on the distal part of the ulnar 
aspect of both forearms. There was some loss of pain 
and touch sensibility over the trunk and lower limbs 
below the level of the fourth thoracic segment. 

Lumbar puncture revealed a partial block; _ the 
cerebrospinal fluid contained 4 cells and 0-6 mg. of 
protein per ml. 

In this patient the carcinoma had spread into the 
spinal canal, compressing the cord. Most of the pain 
was in the left upper limb distal to the elbow; it was 
associated with diminution of sensibility in the seventh 
and eighth cervical dermatomes. 


Protocol of Experiment.—Before the injection to block 
the ulnar nerve, the patient was in obvious distress and 
his face was pouring with sweat. The pain was distal to 
the elbow, and was maximal in the ulnar territory of the 
hand and along the ulnar border of the forearm. He 
located it as deep, “right through the fingers”, but not 
in the thumb or index finger. The ulnar nerve was 
injected in its groove with 2% lignocaine. Even before 
the patient told us that his pain had been relieved, it was 
obvious, from the ceasing of the sweating on the face and 
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the other signs of distress. Within five minutes of the 
injection, there was complete loss of sensibility 
througnout the ulnar distribution. The pain disappeared 
completely from this limb and the forearm and hand 
felt “comfortably warm”; in contrast, the right upper 
limb felt cold and he became more aware of pain in the 
right upper limb, which before the injection had been 
minimal. The pain remained absent from the left upper 
limb for about two hours. 


Blocking the ulnar nerve stopped the pain in the 
left forearm; this pain had been present in a more 
extensive area than the cutenous distribution of the 
ulnar nerve. The pain-relieving effect outlasted the 
duration of the local anaesthetic for about 30 
minutes. 


G.N. (National Hospital No. 52599).—This 37-year-old 
man was in the National Hospital in 1954. He had 
complained of a varying state of clumsiness of the right 
limbs, attacks of unsteadiness, and of slurring of his 
speech. The course of the disorder had been charac- 
terized by remissions and exacerbations. He was found 
to have, besides the obvious slurring of speech, a mild 
right hemiparesis. The cerebrospinal fluid contained 
15 cells and 0-55 mg. of protein per ml. and the Lange 
curve was 122211000; the Wassermann reaction in 
blood and cerebrospinal fluid was negative. 

His unsteadiness and dysarthria gradually improved; 
but in September, 1957, he developed an intense burning 
pain in the fourth and fifth digits and along the medial 
border of the left hand. During the first few months of 
1959 his gait became unsteady and he developed blurring 
of vision. It was then found that visual acuity was 
reduced and that the right optic disc was swollen; there 
was nystagmus, an intention tremor in the upper limbs, 
and both plantar responses were of the Babinski type; 
Lhermitte’s sign was also present. Appreciation of two 
points, passive movements, and vibration was diminished 
on the fourth and fifth digits of the left hand; two-point 
discrimination was equally affected on the median and 
ulnar cutaneous distribution of the fourth digit. When 
the fifth, fourth, and medial side of the third left digits 
were slightly scratched with a pin, the patient experienced 
an unpleasant spreading sensation like an electric shock; 
this was not an exaggeration of his constant burning 
pain. 

The diagnosis was considered to be disseminated 
sclerosis, and the pain was thought to be due to a plaque 
in the eighth cervical posterior root entry zone. 


Protocol of Experiment.—The left ulnar nerve was 
injected with 2°% lignocaine in the ulnar groove. Within 
three minutes, all the burning pain left the fifth digit, 
and within five minutes it had all gone from both digits. 
At this time there was complete loss of sensibility within 
the ulnar distribution. As sensibility returned to the 
ulnar area, the pain returned. By the time sensibility 
was fully normal, the pain was at its full intensity, and 
scratching with a pin caused the usual dysaesthesiae. 

Twelve days later, the patient returned to say that 
Since this injection the base of the little finger had been 


free from pain and that there was also less pain in the 
fourth finger than before the injection. 

The ulnar nerve was again injected in the ulnar groove 
with 2% lignocaine. As the total anaesthesia and motor 
paralysis came on, so the pain went away. One hour 
later sensibility returned except for slight diminution in 
the appreciation of touch and pin prick; pricking no 
longer gave the usual dysaesthesiae. The burning pain 
remained absent. 

Two weeks later the patient returned to say that since 
the previous injection of the ulnar nerve none of the 
burning pain had returned. He had, however, a deep 
ache in the fourth and fifth digits and he wondered if this 
had been present before and that he simply had not 
noticed it on account of the burning pain. On examina- 
tion of the digits it was found that scratching with the 
pin no longer caused the dysaesthesiae, but gave a normal 
sensation of being scratched, though to a slightly less 
than normal degree. 

Two months later the patient was still free from the 
burning pain. When the skin of the fourth and fifth 
digits was stroked with a pin there were no dysaesthesiae: 
“it just feels rough”. The deep pain was present, but 
the patient said he might go four or five days without 
having it. 

It was considered that the pain and dysaesthesiae 
in this case were due to a plaque in the root entry 
zone of the eighth cervical posterior root. The 
situation of dysaesthesiae and of the pain was 
typical of a lesion affecting the eighth root and not 
of the ulnar nerve; yet blocking the ulnar nerve 
completely stopped the pain throughout the whole 
area. A second blocking of the nerve gave lasting 
relief of the burning pain, but apparently unmasked 
a deep pain. After these injections the sensibility 
of the affected digits became much more normal; 
although the appreciation of sensory stimuli re- 
mained slightly diminished, the painful dysaesthesiae 
were no longer present. 


A.R. (National Hospital No. 83923).—This 56-year-old 
woman was admitted to the National Hospital in March, 


1958. Eighteen months before admission she had be- 
come aware of a sensation of pins and needles in the 
third, fourth, and fifth digits of the right hand; it had 
come on insidiously and was present constantly. One 
year before admission she had had an episode of vertigo, 
and after this, walking had become unsteady. Seven 
months before admission the right lower limb had 
suddenly become weak, and since that time the weakness 
had gradually become more severe. 

When examined in the hospital there was nystagmus 
of rotatory type on looking to both sides, the tendon 
reflexes were more active in the right limbs than in the 
left, and there was a spastic paresis of the right lower 
limb. In the right upper limb vibration was felt to a 
diminished degree on the ulnar border of the hand and 
wrist, and two points were appreciated at a distance of 
8 mm. on the right fourth and fifth digits compared 
with 5 mm. on the left. No form of stimulation of the 
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fingers had any effect in intensifying or altering the pins 
and needles sensation. The cerebrospinal fluid contained 
2 cells and 0-45 mg. of protein per ml.; the Lange curve 
was normal and the Wassermann reaction negative. 
A myelogram was normal. 

The diagnosis was considered to be disseminated 
sclerosis, and the painless pins and needles sensation were 
thought to be due to a plaque affecting the fibres of the 
funiculus cuneatus derived from the seventh and eighth 
cervical dermatomes. 


Protocol of Experiment.—The patient was experiencing 
the usual constant pins and needles in the right third, 
fourth, and fifth digits before the experiment. The right 
ulnar nerve was injected in the ulnar groove with 1% 
procaine. Within 10 minutes the pins and needles 
sensation had completely gone. The ulnar nerve block 
was incomplete. The patient had a mild feeling of 
tightness in the ulnar distribution. This side of the hand 
was warm and fully vasodilated; there was a diminution 
in the sensation of pain on pricking and only very slight, 
if any, diminution in touch sensibility. One hour later 
the feeling of tightness was diminishing and the pins and 
needles sensation was returning, and one and a half hours 
after the injection the feeling of tightness had gone and 
the pins and needles sensation had returned to its original 
intensity. 

The paraesthesiae and the type of loss of sensi- 
bility were thought to indicate a lesion of the 
fasciculous cuneatus, involving particularly the 
fibres from the seventh and eighth cervical segments. 
Blocking the ulnar nerve stopped the paraesthesiae 
completely. This effect persisted as long as the local 
anaesthesia lasted. 


H.G.—This 29-year-old man was admitted to the 
Veterans Administration Hospital, Pittsburgh, in 
September, 1959. He was complaining of weakness in 
the right upper and lower limbs and pain in the right 
hand. He had had pain in the right hand and forearm 
for 10 years, and over the same period the right upper 
limb had become progressively weaker and the right 
lower limb had become clumsy. He had occasionally 
burned his right hand or fingers while smoking and yet 
had felt no pain. One year before admission to the 
Veterans Administration Hospital, a laminectomy had 
been carried out to lay bare the spinal cord from its 
first to its fourth cervical segments; no lesion had been 
found and the cord had appeared quite normal. 

In September, 1959, he complained of pain of a boring, 
aching kind, situated deep inside the palmar and dorsal 
aspects of the hands; the previous pain in the forearm 
had gone. This pain was unaffected by movements of 
the hand, shoulder or neck, by stroking or scratching the 
hand, or by any manoeuvre designed to increase it. 
Examination showed that there was almost complete 
loss of sensibility of pain and temperature on the right, 
from the second cervical to t..e sixth thoracic segments 
inclusive; in this region touch and vibration were nor- 
mally felt and the sense of position and movement was 
unimpaired; but two-point discrimination was slightly 
impaired on the right hand and digits. In the right upper 
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and right lower limbs there was weakness and increaseq 
tone. The deep reflexes were absent in the right upper 
limb; in the right lower limb they were pathologically 
increased, there was ankle clonus, and the plantar 
response was of the Babinski type. There were scars 
due to previous burns on the right hand and fingers, 

Lumbar puncture revealed no block; there were 
3 lymphocytes and 0-3 mg. of protein per ml.; the 
Wassermann reaction was negative. 

The diagnosis was considered to be syringomyelia; 
the deep type of pain was thought to be due to involve. 
ment of fibres in the posterior horn of the sixth, seventh, 
and eighth cervical segments. 


Protocol of Experiment.—The right ulnar nerve was 
injected in the ulnar groove with 2°% lignocaine on three 
different occasions. The results on each occasion were 
the same. Within five minutes of the injection, all pain 
left the entire hand. The pain returned about an hour 
after the injection, coming back as the motor paralysis 
went off. The relief of pain never outlasted the duration 
of the anaesthesia. On each occasion the removal of the 
pain followed the same course: it first went from the 
region of the ulnar distribution, and last went from 
the dorsal part of the lateral half of the hand. 


The pain of a deep kind, typical of syringomyelia, 
located deep to the sixth, seventh, and eighth 
dermatomes was completely relieved by blocking 
the ulnar nerve. This effect persisted as long as the 
local anaesthesia lasted. 


G.B. (National Hospital No. 86061).—This 62-year-old 
woman was admitted to the National Hospital in May, 
1959. Her main complaint was of a “scalding pain” in 
both buttocks and down the right lower limb, which had 
been present for two years. In January, 1957, the left 
lower limb had “suddenly given out’? and she had 
fallen; over the next four days she had continuous pain 
in the back, the abdomen, and down both lower limbs. 
She was admitted to a local hospital where severe weak- 
ness and loss of sense of position in the left lower limb 
was found, with analgesia over the right side of the body 
below the fourth thoracic dermatome. Lumbar puncture 
revealed no block; there were 3 lymphocytes and 0:8 mg. 
of protein per ml.; the Wassermann reaction was 
negative. When she left her local hospital five weeks 
later the movements of the left lower limb were im- 
proving, much sense of position and movement had been 
regained, and all pain had gone. In June, 1957, she first 
developed the scalding pain in both buttocks and down 
the right lower limb into the heel, which had persisted to 
the time of admission. She found also that from the 
waist down, particularly on the right side, any touch 
caused an unpleasant “‘queer” feeling; this was not the 
same as the spontaneous burning pain. On examination, 
she was found to have a spastic paresis of the left lower 
limb, associated with diminution in the sense of position 
and movement, and inability to feel vibration. Below 


the fourth thoracic dermatome all forms of cutaneous 
sensibility were abnormal. On the right, pain sensibility 
was almost absent below the third lumbar dermatome; 
between the third lumbar dermatome and the fourth 
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thoracic dermatomes, pinprick caused a most unpleasant 
kind of pain—“‘it seems to go in further and be more 
pointed”; here the sensibility of warmth and cold were 
similar, being absent below the third lumbar dermatome, 
and abnormal below the fourth thoracic derma- 
tome. On the right below the twelfth thoracic dermatome 
tactile stimuli gave a tingling sensation; this was most 
marked where the loss of pain sensibility was greatest, 
and there such stimuli also gave an unpleasant raw 
sensation. On the left side of the body between the sixth 
and the twelfth thoracic dermatomes the sensation of 
touch was reduced and distal to these segments it was 
very much reduced; in the left buttock, touch produced 
a sensation of tingling. 

It was considered that the lesion giving rise to this 
clinical picture was an intramedullary lesion of the left 
side of the cord, extending from the sixth to the twelfth 
thoracic segments; this was thought to be some sort of 
vascular accident. As the patient had recovered from 
the immediate acute effects, the scalding pain had come 
on gradually. The region in which she had this pain 
most severely was below the third lumbar segment, in 
the area where pain and thermal sensibility were most 
diminished and where tactile stimulation gave the un- 
pleasant raw sensation. It was observed that she had the 
same pain in the left buttock, where, although tactile 
stimulation gave a similar raw sensation, there was no 
change in normal appreciation of painful or thermal 
stimuli. This finding was difficult to explain satisfactorily. 


Protocol of Experiment.—A spinal anaesthetic was 
given in the form of 14 ml. of heavy “nupercaine” which 
was injected between the fifth lumbar and first sacral 
spines, the patient lying on her right side, with the caudal 
parts of her body lower than the cranial. It achieved 
total analgesia bilaterally over the sacral third, fourth, 
and fifth dermatomes. Tactile sensibility was difficult 
to judge on the left as it was always so diminished; on the 
right it was severely diminished, but not absent, over the 
buttock only. This injection removed all the pain in 
both buttocks and the right thigh; it had no effect on 
the pain in the right leg or right heel. The patient had 
no subjective sensation of numbness and she therefore 
had no idea of the presence, extent, or of any change in 
sensibility due to the spinal anaesthetic. 


Although the pain was clearly of central origin, 
anaesthetizing the nerve roots of an area in which 


the pain was felt removed the pain. In this case the 
removal of pain did not outlast the duration of 
anaesthesia. Also blocking some of the nerves of 
the region in which pain was felt did not remove the 
pain from the whole region. Indeed, the fact that 
the patient did not know which regions had been 
rendered analgesic and anaesthetic, and that her 
pain went only from the area supplied by the blocked 
nerves and not from the area supplied by unaffected 
nerves, shows that the relief of pain was not due to 
Suggestion or to similar mechanisms. 


-R. (National Hospital No. 74975).—This 37-year-old 


weman was in the National Hospital in 1958. One year 
. 


« 


previously, a panhysterectomy had been performed for 
a squamous-cell carcinoma of the cervix uteri. Two 
months after this operation she had developed a constant 
pain in the right hip, which extended down the back of 
the entire lower limb into the dorsum of the foot. This 
had become so severe that she was taking pethidine 
three-hourly. She described the pain as “dreadful” and 
in character “like red hot needles’. More recently she 
had developed foot drop on the right and the right lower 
limb had become oedematous. There was a large mass 
filling the retrovesical space, and in both inguinal regions 
there were large, very hard glands. There was diminution 
of sensibility in the fifth lumbar and all the sacral 
dermatomes on the right. A pinprick of 60 g. weight 
was felt as a blunt touch, but one of 140 g. was felt as 
painful; it did not feel like a pin, but like a scratch. 
Cottonwool was felt everywhere except along the back 
of the leg below the popliteal space. Temperatures of 
12°C. and 50°C. were not felt in the fifth lumbar or 
sacral dermatomes, but radiant heat and ice and ethyl 
chloride spray were felt as such, except in a smaller area 
on the back of the leg. All muscles on the right supplied 
by the sciatic nerve and the pudendal plexus were 
paralysed; the right ankle jerk and plantar response 
were absent. The flare of the triple response was absent 
in the fifth lumbar and all sacral dermatomes on the 
right. 

The carcinomatous tissue was considered to be lining 
the right wall of the pelvis, involving the lumbo-sacral 
trunk and all the nerves on the right forming the sacral 
and pudendal plexi; this involvement was at or peripheral 
to their ganglia. 


Protocol of Experiment.—Pain of the usual severity was 
present throughout the right lower limb, maximal in the 
buttock and in the sole of the foot. The sciatic nerve 
was injected with 1% lignocaine just below the natal 
cleft. Within five minutes all the pain went, except that 
in the buttock. It remained absent for one and a half 
hours. 


Blocking the sciatic nerve removed the severe 
pain from the territory of this nerve; it had no 
effect on pain felt in regions supplied by other nerves 
of the sacral and pudendal plexi. 


J.H.P. (National Hospital No. 81235).—This 67-year- 
old man was in the National Hospital in 1958. Eighteen 
months before he had developed a painful pricking 
sensation over the anterior surface of the right thigh, 
and the leg had become weak. In November, 1957, one 
year before admission, the pain had become worse and it 
consisted then of knife-like jabs of pain in the anterior 
thigh. He was admitted to the Atkinson Morley 
Hospital. There Mr. L. S. Walsh made a diagnosis of 
prolapsed intervertebral disc at the second and third 
lumbar level, and decided to operate. At the operation 
he found that the dura mater was compressed up against 
the lamina of the third lumbar vertebra, and the disc 
between the second and third lumbar vertebrae was 
abnormally soft and was causing a marked bulge into 
the spinal canal. A number of fragments of this disc 
were removed; after their removal there seemed to be a 
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satisfactory decompression of the spinal roots. This 
operation was followed by an uneventful convalescence; 
the strength of the leg improved and the loss of sensi- 
bility regressed, there remaining a very slight loss in the 
third and fourth lumbar dermatomes. The pain at first 
was relieved but it began to return about six weeks after 
this operation. 

When the patient came into the National Hospital in 
September, 1958, the pain was located in the distribution 
of the cutaneous branches of the femoral nerve. It was 
worse than it had been before removal of the prolapsed 
disc and more extensive. There was a continuous 
tingling in the skin and a deep, burning pain beneath the 
skin; in addition, whenever this area of skin was touched, 
the stimulation gave rise to little electric-shock-like 
sensations. 

There was slight wasting and weakness of the right 
quadriceps and weakness of the flexors of the thigh; 
raising the fully extended right lower limb caused pain 
in the lower spine. The right knee and ankle jerks were 
diminished, the plantar responses were normal. There 
was loss of sensibility in the distribution of the anterior 
femoral cutaneous nerve, and slight loss in that of 
the lateral femoral cutaneous and saphenous nerves. 
In the former territory pinprick was felt only as blunt 
touch, in the latter territory, it was slightly diminished; 
on the dorsum of the foot a very slight loss to pinprick 
was detected. On the front of the thigh sometimes 
a very heavy pinprick gave a sensation like a local 
electric shock. Cottonwool touches were felt to a 
diminished degree in the fourth and fifth dermatomes. 
The cerebrospinal fluid contained 4 cells and 1 mg. of 
protein per ml. On myelography changes suggesting 
arachnoiditis were seen in the region of the former 
operation. 

A sphygmomanometer cuff was placed on the left 
upper limb in order to render this limb ischaemic for 
30 minutes, to induce the various sensations occurring 
_ during and after circulatory block; this was done so that 
the patient could compare these induced sensations with 
his spontaneous ones, and to enable him to give us a 
better concept of his pain and paraesthesiae. He reported 
that the pain in the fingers induced at the end of the 
period of ischaemia when only C fibres are conducting 
was identical with his constant pain in the thigh. He 
also stated that he sometimes got the sensation of 
pseudo-cramp in the thigh and the pricking part of the 
post-ischaemic paraesthesiae. 

The diagnosis of prolapsed intervertebral disc had 
been confirmed at operation. Although much disc tissue 
had been removed, both the symptoms and signs returned 
in at least as severe a form as they had been before 
operation. 


Protocol of Experiment.—An injection of 1% ligno- 
caine with hyaluronidase was given subcutaneously into 
the region supplied by the medial femoral cutaneous 
nerve. By the time this area was completely insensitive 
to tactile and painful stimuli, all the pain had gone from 
the right lower limb; the only pain remaining was in 
the back. Thus the pain had gone from the entire limb, 
not only from the distribution of the cutaneous branches 
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of the femoral nerve; furthermore he found he could 
flex the knee without getting the unpleasant tight feeling 
that this movement usually produced. The pain te. 
mained absent for three hours, which was longer than the 
duration of the local anaesthesia. 

On another occasion, an attempt was made to inject 
the right femoral nerve in the femoral triangle with 
1% lignocaine. This injection, however, blocked the 
muscular branches to the quadriceps and the saphenous 
nerve; the anterior femoral cutaneous nerve escaped, 
Nevertheless as soon as the territory of the saphenous 
nerve was insensitive to touch and pinprick, the pain in 
the lower limb went. It is to be noted that the area of 
maximal pain and abnormality of sensibility, that of the 
anterior femoral cutaneous nerve, was unaffected by the 
injection, except for slight loss of sensibility in its most 
distal distribution; and the skin of this region retained 
its abnormal characteristics with regard to sensibility, 
And yet this injection removed all the pain in the lower 
limb. Further, the effects of this injection in relieving 
pain lasted 48 to 60 hours. Sixteen hours after the 
injection the following change in sensibility was noted, 
The injection had been carried out by one of us unknown 
to the other. The latter, visiting the patient 16 hours 
after blocking of the saphenous nerve, found an im- 
provement in the sensibility of the skin in the distribution 
of the anterior femoral cutaneous nerve; although 
objectively there was no change, the patient when he did 
feel a hard pinprick here no longer felt it like a little 
electric shock but felt it like a normal painful and 
pointed pin. 

In this patient a lesion, proved at operation, 
was affecting the second, third, fourth, and to some 
extent the fifth lumbar roots. Blocking of impulses 
either from the cutaneous distribution of the second 
and third posterior root or from that of the fourth 
root removed the pain throughout the distribution 
of all the roots; further, after one of these injections 
the pain remained absent for 48 hours; and 
anaesthetizing the territory of the fourth lumbar 
dermatome improved the sensibility of the second 
and third lumbar dermatomes. 


Discussion 


Blocking an afferent pathway at a point distal to 
the site of a lesion stops the spontaneous sensations 
which result from the lesion. It is reasonable to 
assume that a lesion situated on an afferent pathway 
is the originator of the discharge of impulses in the 
contiguous nerve fibres and that this is the cause of 
the “‘spontaneous”’ sensations experienced; hence 
it is somewhat surprising to discover that the 
apparently less probable alternative theory is 
correct: that the pain and paraesthesiae are due to 
impulses arriving from the periphery, which are 
somehow altered by the lesion. Since we have no 
further evidence to present on the mechanism of the 
pain in these cases, there seems little point in 
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suggesting various conjectures to .account for it. 
It is necessary, however, to discuss whether the 
phenomena reported here can be accounted for 
entirely by events at the site of the lesion on the 
nerves Or whether they can be accounted for by 
invoking factors in the central nervous system. 

It is possible that the pathological lesion of the 
nerves gives rise to an artificial synapse, similar to 
that produced experimentally by Granit, Leksell, 
and Skoglund (1944). They showed that in cats, 
if a nerve is cut and the motor root is stimulated, 
action currents can be picked up from the sensory 
root; and also they can be picked up from the motor 
root when the sensory root is stimulated, though 
in this case the stimulus needs to -be much stronger. 
The place where the transmission from one lot of 
nerve fibres to the other takes place, seems to be at 
the cut end of the nerve. In order to obtain such an 
artificial synapse they then found that it was un- 
necessary to cut the nerve across; a ligature round 
the nerve, tight enough not to damage normal distal 
conduction, suffices to make such a synapse. It 
may be suggested that with naturally occurring 
lesions impulses from the periphery arriving at the 
site of the lesion become switched into fibres whose 
central terminations end in parts of the brain where 
pain and paraesthesiae are experienced; when 


impulses are blocked from reaching the site of the 


lesion, impulses cannot be switched to these fibres 
and so there is silence. A similar mechanism to 
account for causalgia has previously been suggested 
by Doupe, Cullen, and Chance (1944) and by 
Nathan (1947). 

But such a mechanism cannot account for all the 
phenomena reported here. For the following 
observations cannot be explained without con- 
sidering that blocking impulses from the periphery 
cause some changes in the central nervous system. 
The first of these observations is that blocking the 
nervous conduction from a part of a territory in 
which the pain or paraesthesiae are arising is 
sufficient to stop the pain and paraesthesiae through- 
out the entire territory; for this to occur, the 
region from which the nervous pathway is blocked 
need not be that in which the pain or paraesthesiae 
are maximal. An instance of this was J.P., in whom 
blocking the saphenous nerve removed all the pain 
in the lower limb, although the pain felt in the 
saphenous territory was minimal in comparison with 
that felt in the thigh. In many cases the period of 
relief of pain or paraesthesiae outlasted the duration 
of the block of the peripheral pathway; in one case 
the relief was permanent. And there is also the fact 
that in the cases where the pain or paraesthesiae 
have been relieved, the actual sensibility of the skin 
of the part has been rendered more normal. This 


applies also to regions of skin within the area of pain 
but outside the territory of the nerve that was 
blocked. This improvement in sensibility will not 
be discussed further here, as it will be treated 
separately in a later paper. 

One might suggest that an explanation of the facts 
described is that the local anaesthetic solution 
tracked up the peripheral nerves to the site of the 
lesion in the nerve root or in the spinal cord. This 
suggestion seems to us unlikely but not one that can 
be dismissed out of hand. It would entail the 
supposition that the anaesthetic solution in adequate 
concentration reaches the spinal roots, root entry 
zone, or the spinal cord from a nerve injected at the 
level of the elbow within a few minutes. Yet it 
has been shown by Merrington and Nathan (1949) 
that 2 ml. of 2% procaine solution with adrenaline 
when injected into the ulnar nerve at the wrist 
spreads within a few minutes for a proximal dis- 
tanceof atleast 8cm. More careful work on the spread 
of substances when injected intraneurally has been 
reported in an important paper by Brierley and 
Field (1949); they studied the spread of radioactive 
phosphorus from the sciatic nerves of the rabbit. 
In one rabbit in which the injection into the sciatic 
nerve was at the level of the great trochanter of the 
femur (incidentally at the same level as our injection 
in L.R.) the tracer substance was found nine 
minutes after injection in the segments of the spinal 
cord from which the sciatic nerve takes origin. Thus 
we suggest that the spread of the local anaesthetic up 
to the roots or spinal cord is not an impossible 
explanation of our findings, but it is improbable. 

If all the facts reported here cannot be explained 
by events taking place at the site of the lesion in the 
nerves, if they cannot be explained by spread of the 
local anaesthetic to the site of the lesion or into 
the affected spinal segments of the cord, then we have 
to conclude that blocking impulses at a peripheral 
level has definite effects on events in the central 
nervous system, presumably at a spinal level. 

If this suggestion is correct, it is concluded that a 
state of excessive excitability has been engendered 
in the central nervous system; and that this state 
is in a region of the central nervous system to which 
the nerve fibres from the lesion are running. If 
there is such a state, it is surprising to find how 
easily it can be made to subside: half an hour’s 
anaesthesia may suffice to do so for periods of at 
least two months. 

The next question that comes to mind is whether 
blocking of impulses from the periphery will relieve 
the pain in all cases where there is a lesion on a 
nerve, posterior nerve root, or afferent path in the 
cord. Obviously such a question cannot be 
answered. The cases reported here are an un- 
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selected sequence of cases in which a lesion on an 
afferent pathway was associated with pain and 
paraesthesiae. In no cases have we blocked the 
periphery without obtaining this result. The fact 
that we have not found any counter-examples does 
not mean that we believe that they do not occur. 
Our purpose was to investigate the cases we found 
where it was evident that the pain or paraesthesiae 
were arising central to the incoming peripheral 
nerves; in these few cases the pain or paraesthesiae 
were stopped by blocking the peripheral pathway. 
Over the past 10 years one of us (P.W.N.) has 
anaesthetized the affected area of skin in many cases 
of post-herpetic neuralgia; this may be considered 
to be a similar situation. But here the results are 
less definite. Usually some of the pain is relieved by 
subcutaneous injection of local anaesthetic. Cer- 
tainly if the skin is rendered anaesthetic and anal- 
gesic, any pain usually felt in the skin ceases; 
typically the patient states that the burning hot part 
of his pain has gone, but the gripping aching and 
deeper part of his pain remains. This part of the 
pain is not usually relieved by anaesthetizing the 
muscles. It is also relevant that in such cases 
the operation of posterior rhizotomy is notoriously 
unsuccessful; and this cutting of the roots might be 


thought of as being comparable to anaestheiizing 
the peripheral pathway, as was done in_ these 
experiments. 


Summary 


The pain and paraesthesiae associated with lesions 
in peripheral nerves, nerve roots, root entry zone, 
posterior columns, and spino-thalamic tract can be 
prevented by blocking the nerves distal to the lesion, 
The relief of pain and paraesthesiae may outlast the 
duration of the anaesthesiae. Blocking of impulses 
from a large part of the region supplied by the 
affected nerves may remove the spontaneous pain 
and paraesthesiae from the whole of the region. 


We wish to thank the physicians and surgeons of the 
National Hospital, Queen Square, who were kind enough 
to put their patients at our disposal for this investigation 
and Dr. E. Arnold Carmichael for his encouragement 
and facilities to do this work. 
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SPASTICITY AND RIGIDITY: AN EXPERIMENTAL 
STUDY AND REVIEW 
BY 
GEOFFREY RUSHWORTH 
From the Neurological Research Unit, Churchill Hospital, Oxford 


With the introduction of the word “tonus” by 
Mueller in 1838 to describe the slight contractil 
tension of muscles when at rest, an era of investiga- 
tion began which was beset with difficulties from its 
very inception. The failure of exact definition of 
the term and later the lack of uniformity of defini- 
tion were only some of them. The principal diffi- 
culty, as Fulton (1926) has pointed out, was the 
failure to recognize and take into account the func- 
tional significance of “‘tonus’’. It was sought for in 
all muscles, under all conditions, and at all times, 
and there is little wonder that controversy was rife. 
This confusion has even recently been revived again 
by several workers using electromyography (Hoefer, 
1941; Seyffarth, 1942; Weddell, Feinstein, and 
Pattle, 1944; Floyd and Silver, 1951), this in spite 
of the numerous attempts of Sherrington (1898, 
1915, 1931), Denny-Brown (1929), Cobb, and other 
great neurologists to clarify the subject. Indeed 
at the end of the First International Congress of 
Neurology in 1931, Cobb and Wolff (1932) wrote: 

“Confusion of thought has occurred through the 

_ diverse use of the term ‘tonus’. However carefully de- 
fined it now carries with it an incubus of vague 
connotation which seems to cloud the issue. Its place 
as a term applied to striated muscle can be more 
accurately taken over by such specific terms as ‘stand- 
ing reflex’, ‘postural reflex’, and ‘righting reflex’. The 
state of a striated muscle at any moment can be better 
described by adjectives as slack or taut. Better still 
the amount of tension can be measured and stated in 
quantitative terms. We make a plea that the term 


tone be either discarded or returned to its former home 
in smooth muscle and kept there.” 


Unfortunately the term “‘tonus” is so ingrained 
in the literature of neurology that it still has a 
certain utility though it is clear that the clinician 
often studies two signs, posture and the resistance 
to passive displacement, which is made up of joint 
and muscle resistance and the stretch reflex. 

The experimentalists of the nineteenth century 
did, nevertheless, establish certain important facts 
about the “‘tonus”’ of skeletal muscles. Brondgeest 
(1860) demonstrated its reflex nature in the frog 


when he showed that the flexed posture of the hind 
limbs was destroyed by severing appropriate dorsal 
roots. Later Mommsen (1885) proved that the 
reflex was not a cutaneous one, as the flexed posture 
of the frog’s hind limbs was maintained after the 
skin had been stripped off. 

That certain diseases of the central nervous 
system might increase the “‘tonus” of muscles was 
recognized, and in 1887 Hughes Bennett read a 
paper to the Neurological Society of London on 
‘*‘Muscular hypertonicity in paralysis’, an “ap- 
parently paradoxical condition of increased muscular 
tonicity as associated with motor weakness”. In 
his paper, Bennett (1888) clearly defined ‘‘tonus”’ 
and made a number of interesting statements sup- 
ported only by his own visual observations which 
were only confirmed more quantitatively in the 
laboratory many years later. Particularly among 
these was the conception of a stretch reflex in 
muscles. 

“Healthy muscle contracts when its fibres are subject 
to sudden stretching. . . . This property is intimately 
associated with and obeys the same laws as that which 
has been termed reflex muscular tonicity, or that state 
of slight constant tension which is characteristic of 
healthy living muscle. Both are abolished when there 
is an interruption at any portion of the reflex arc of 
which muscle is the terminus . . . both are increased 


by causes which augment the excitability of the same 
reflex mechanism (such) ‘as severance from 


9° 


pyramidal tract’. 


Much of this must have been speculative, but in 
1898 Sherrington published his results of experi- 
ments on decerebrate rigidity in the cat, on which 
he had also repeated the experiments of Brond- 
geest and Mommsen. The muscular rigidity which 
characterizes the decerebrate state manifests itself 
in the posture of the animal and also in the re- 
sistance of a limb to passive displacement which is 
plastic to some extent, but with increasing stretch 
of the muscles there is a building up of resistance 
until at some point it suddenly melts. This is the 
lengthening or clasp knife reaction. The muscular 
rigidity is present in both extensor and flexor 
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muscles but it was greatest in those muscles which 
oppose gravity. Thus the decerebrate animal 
assumes a posture which is a caricature of standing— 
head and neck held high, all four limbs firmly 
extended and tail erect. In other words the normal 
postural reactions of this animal’s muscles were 
exaggerated. 

Denervation of the skin had little effect on the 
rigidity and an already rigid muscle remained so 
when its neighbours were denervated. Destruction 
of appropriate dorsal roots, however, abolishes the 
rigidity of only those muscles so de-afferentated. 
Decerebrate rigidity was, in this way, shown to 
depend ona proprioceptive reflex, the receptor 
organs of which lie in or near the effector muscle 
itself. 

The effect of acute de-afferentation on decerebrate 
rigidity, might in part, be explained by operative 
trauma which was known to affect ‘“tonus” 
adversely. 

Sherrington therefore prepared animals by sec- 
tioning dorsal roots some days before decerebration. 
In these animals the rigidity of the decerebrate state 
either developed imperfectly or not at all. This 
perhaps was a preview of the two types of decere- 
brate rigidity we are now familiar with (Eldred, 
Granit, and Merton, 1953), one dependent on 
dorsal root integrity, the other not. 

The resemblance of decerebrate rigidity in animals 
to spasticity in man was quickly recognized, as was 
the possibility of its alleviation by dorsal root 
section. Férster, with tremendous courage, tackled 
the problem and in 1911 published his experience 
of alternate dorsal root section in 62 spastic patients 
of varying aetiology. Many of these were children 
with Little’s disease, and Forster was enthusiastic 
about the results of the operation, and he illustrated 
the freedom of leg movement and of walking in 
children who had previously been too spastic to 
walk. Hey Groves (1911) confirmed Forster’s 
findings on a smaller group of patients. Two years 
later FoOrster’s experience with the operation had 
widened considerably, and in his paper to the 
International Medical Congress (1913a) he re- 
affirmed the success of the operation but admitted 
that the spasticity tended to return though there was 
little regression of the patient’s mobility. Over the 
years Forster’s work in this field has been neglected 
and a full critical appraisal of the method is still 
lacking. 

The effects of dorsal root section on decerebrate 
rigidity was studied again by Liljestrand and Magnus 
(1919). They confirmed Sherrington’s results and 
also showed that the injection of small amounts of 
procaine into the triceps muscle of a decerebrate cat 
almost abolished the rigidity of the muscle without 


altering its response to stimulation of the br.chial 
plexus or the reflex changes of tone produced by 
turning the animal’s head. These experiments were 
a preliminary investigation before the action of 
procaine on local tetanus was studied. In this case 
too, intramuscular injection of procaine abolished 
the muscular spasm of local tetanus. 

In 1924, Walshe used this method of procaine in- 
jection to study the rigidity of patients with paralysis 
agitans. Appropriate amounts of procaine injected 
into biceps and triceps muscle abolished the rigidity 
and the tendon jerk of these muscles only, but left 
voluntary power and the tremor undamaged. In 
three patients with “residual spastic hemiplegia” 
similar results were obtained. 

Liddell and Olmsted (1929) were able to show 
that the stretch reflex and tendon jerk of a muscle 
were rapidly abolished reversibly by dilute alcohol, 
leaving the crossed extension reflex and motor 
tetanus (elicited central to the partially blocked 
region) undiminished. Later, Bremer and Titeca 
(1930) showed that the tendon jerk of the gastroc- 
nemius-soleus and the after-discharge of the 
crossed extension reflex were selectively paralysed 
by procaine injected into the muscle. 

Liljestrand and Magnus, Walshe, Bremer and 
Titeca believed their results were due to the selective 
blocking of the proprioceptive fibres from the 
muscles and completely analogous to dorsal root 
section. Liddell and Olmsted explained their 
results in terms of the increased refractory period of 
partially blocked nerve which then failed to trans- 
mit high frequency discharges. However, Matthews 
and Rushworth (1956, 1957a) showed that both the 
stretch reflex and tendon jerk of the soleus muscle 
of a decerebrate cat were abolished by dilute 
procaine applied to the muscular nerve at a time 
when the large motor fibres could be demonstrated 
to be completely intact. Also it was found that the 
large proprioceptive fibres originating in muscles 
are no more sensitive to procaine than are the large 
motor fibres. This makes the thesis of Liljestrand 
and Magnus, Walshe, Bremer, and Titeca untenable. 
On the other hand, the small fibres (gamma fibres) 
which innervate the muscle spindles are blocked by 
dilute procaine very readily, as could be seen by 
recording the ventral root potentials directly or a 
sample muscle spindle discharge. This latter is 
high in the decerebrate animal and is responsible for 
the exaggerated stretch reflexes. It falls sharply to 
a lower level when the gamma motor fibres are 
blocked (Matthews and Rushworth, 1958). These 
results would be in accordance with those of Sarnoff 
and Arrowood (1947), who injected dilute procaine 
intrathecally in patients (as a preliminary to the 
Smithwick operation) and found that the knee and 
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ankle jerk disappeared though the muscular power 
and position sense were still intact. Matthews and 
Rushworth (1957a) believed that this was due to 
selective block of the gamma motor fibres by 
procaine and the experiments of Liljestrand and 
Magnus, Walshe, Bremer, and Titeca, Liddell and 
Olmsted were similarly interpreted. 

The discovery of Pollock and Davis (1923, 1931) 
that tying both carotids and the basilar arteries in 
the cat produced a type of decerebrate rigidity, 
which was little affected by dorsal root section, 
showed that two distinct forms of decerebrate 
rigidity existed. Eldred et al. (1953) have since 
shown that the ordinary decerebrate cat has marked 
gamma motoneurone activity, whereas the Pollock 
and Davis animal has very little if any (‘‘alpha- 
cat’). Matthews and Rushworth (1957a and 1958) 
confirmed this with their procaine technique and 
showed how the decerebrate rigidity of the ““gamma- 
cat’ could be selectively abolished, but in the 
“alpha-cat”’ the rigidity only disappeared along with 
the blocking of large motor fibres (Matthews, 
1958). 

The experiments to be described in this paper 
fully confirm the results of Walshe (1924) and they 
support the suggestion that parkinsonian rigidity 
and many spastic states depend on the integrity of 
gamma motor fibres to the muscle spindles. Be- 
cause of this it is probable that in parkinsonian 


rigidity and spasticity an increased gamma moto- 
neurone discharge causes a hyperexcitability of the 
annulo-spinal ending and thus an increased response 


of the muscle to stretch. Thus in patients with 
hypertonic muscles, dorsal root section also 
abolishes the rigidity and spasticity (Forster, 1911, 
1913a and b: Pollock and Davis, 1930). 


Methods 

Investigation of 50 patients has been completed; 
25 had Parkinson’s disease (nine post-encephalitic), 
20 had spastic limbs (in six patients due to disseminated 
sclerosis, in five due to cervical spondylosis, three cases 
of motoneurone disease, four cases of vascular disease 
of the brain, one case of familial spastic paraparesis, 
and one case of cerebral palsy). Four had dystonic 
upper limbs (two with Wilson’s disease, two due to 
cerebral haemorrhage) and one patient was recovering 
from tetanus. 

This investigation began in 1954 principally with a 
study of the spastic cases, and those selected for study 
showed spastic involvement of a limb (usually the lower) 
with clonus on slight stretch, but with preservation of 
some voluntary movement. This latter was al! important 
as an undiminished power of voluntary action of a 
muscle group during progressive narcotization of the 
muscular nerves was taken as indicating that no appre- 
ciable number of large (alpha) motor nerve fibres were 
blocked by the local anaesthetic. 
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The patients lay in a semiprone position with the 
limb to be investigated uppermost. Voluntary plantar 
flexion, the ankle jerk, and clonus were recorded by means 
of a Russell-Schuster dynamometer which was suitably 
modified for this purpose. The patient’s knee was fixed 
so that contraction of thigh muscles had no effect on the 
mechanogram of the ankle movement. When a number 
of records of voluntary plantar flexion, the ankle jerk, 
and clonus had been obtained, a partial high sciatic 
nerve block was begun with 1 % procaine (5 ml. to 12 ml.). 
Plantar flexion, ankle jerk, and clonus were followed 
every few minutes until the latter two had been abolished 
for 10 minutes. Thereafter recordings were taken every 
15 minutes or longer until the tendon jerk began to 
reappear. 

In later experiments the dynamometer was replaced 
by the electromyogram recorded with coaxial needle 
electrodes from the soleus and gastrocnemius muscles 
of the same leg. The stretch reflex, ankle jerk, clonus, 
and maximal voluntary movement were then recorded. 
The stretch reflex was elicited by slow or fast passive 
dorsiflexion of the foot. The onset and rate of stretch 
was signalled from a balloon pressure recorder fixed over 
the ankle. The tambour of the pressure recorder had a 
small mirror fixed to its edge, and a beam of light was 
reflected from this on to a slit at right angles to the 
cathode-ray tube. A large piece of semireflecting glass 
at an angle of 45° superimposed this slit with the 
stationary spots of the double-beam cathode-ray tube. 
The electromyogram from the two muscles and the 
stretch mechanogram were photographed on moving 
paper by means of a camera specially built for versatility 
of speed by Dr. Edgar Schuster. 

The group of parkinsonian patients, the patients with 
dystonic limbs, and the patient with tetanus, all had 
electromyogram recordings of their forearm muscles, 
usually with two coaxial needle electrodes in bellies of 
the flexor and extensor muscles of the forearm. A 
balloon pressure recording system was fixed over the 
wrist to record passive displacement of the wrist. The 
excursion of this recorder and the oscillographic re- 
cordings of the electromyograms were all simultaneously 
photographed on moving paper. When recordings of 
passive flexion and extension of the wrist, voluntary 
dorsiflexion, and palmar flexion had been obtained, a 
small volume of 1% procaine was injected fan-wise 
around the probable motor point of the extensors of the 
wrist. Similar recordings were taken thereafter at 
frequent intervals until the stretch response had vanished. 
Thereafter recordings were only taken when the stretch 
response was just returning. 


RESULTS 
I. The Effects of Procaine on Spasticity 
Twenty cases have been studied in detail, but 
only representative results will be considered as 
the majority of these cases behaved in a way 
exemplified by the first three. 


Case 1.—T.W., a man aged 48, had a mild spastic 
paraparesis (left worse than right), due to cervical 
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Fic. 1.-—Case 1: Dynamometer records of voluntary plantar flexion and the ankle jerk. 
(a) Before procaine when clonus was present but not recordable; (6) 30 minutes after the beginning of partial 
sciatic block with procaine, no ankle jerk or clonus, voluntary power even greater than initially; (c) three-and-a- 
half hours after the injection, return of ankle jerk and two beats of clonus. 


spondylosis. There was sustained ankle clonus on both 
sides in response to sudden stretch and the plantar 
responses were extensor. 

During his admission to hospital in June, 1954, 
mechanical recordings were made of his voluntary 
plantar flexion and the ankle jerk (Fig. 1). It was not 
possible to record the clonus as its threshold was greater 
than the initial tension maintained by the dynamometer. 
The plantar flexion of the left foot was weak, being less 
than 3 lb., but the ankle jerk was very brisk (Fig. 1a). 
With the leg still connected to the mechanical recording 
system, 10 ml. of 1% procaine was infiltrated near the 
left sciatic nerve using the landmarks detailed for sciatic 
block by Adriani (1954) and relying on the patient for 
reports of paraesthesiae in the sciatic distribution. In 
Fig. 1b the results 30 minutes later are shown. The 
resistance of the gastrocnemius-soleus muscles had 
completely disappeared, clonus could not be elicited, the 
ankle jerk was absent but voluntary plantar flexion was 
undiminished, if anything increased. The patient said 
that the movement felt “very relaxed’”’ and though there 
was no demonstrable impairment of sensation of pin- 
prick or cotton wool the patient complained that the 
leg felt tingly and slightly numb. It was also perceptibly 
warmer than the other leg. 

Recordings and observations were made periodically 
and not until three hours later did the ankle jerk re- 
appear. Figure Ic shows the state of affairs three hours 
and 30 minutes after the procaine injection when the 
ankle jerks have returned to pre-injection size. Never- 
theless the resistance to passive movement at the ankle 
was small and only two beats of clonus could be elicited 
on fast stretch. Voluntary power continued to be slightly 
increased compared with the pre-injection state. 

By the following day, the spasticity had returned with 
brisk ankle jerk, but clonus was ill-sustained. 


Case 2.—H.B., a man aged 33, had moderate spastic 
quadriparesis due to motoneurone disease, with minimal 
lower motoneurone involvement at this stage. 

There was severe ankle clonus bilaterally and he there- 
fore had difficulty in standing. 

On February 7, 1956, recordings were taken of 


voluntary plantar flexion of the left foot. The initial 
tension of the dynamometer was 4 Ib. and this was 
sufficient to elicit continuous clonus, which could, how- 
ever, be interrupted by the voluntary activity (Fig. 2a). 
The ankle jerks were scarcely visible against this 
background of clonus. It was difficult to elicit paraes- 
thesiae from the sciatic nerve so 15 ml. of 2% procaine 
was infiltrated in the hope that some would diffuse into 
the region of the nerve. Five minutes later the clonus 
was distinctly less, the resistance to passive stretch was 
less, but the voluntary power was little affected (Fig. 2b). 
Eight minutes after the injection clonus had completely 
disappeared and the gastrocnemius and soleus muscles 
were flaccid though a-small ankle jerk persisted (Fig. 2c) 
until 30 minutes after the injection by which time the 
voluntary plantar flexion was also slightly reduced 
(Fig. 2d). Four hours later (Fig. 2e) the ankle jerks were 
fully back but no clonus could be elicited, and there was 
little resistance offered by the plantar flexors. However, 
voluntary power had now increased by about 25% and 
the patient could walk on his leg with comparative 
freedom of movement. His other (right) leg, however, 
still showed severe spontaneous clonus, hyperactive 
jerks and poverty of movement. Twenty-four hours 
after the injection (Fig. 2f) the voluntary power of the 
left plantar flexors was still increased, the ankle jerk was 
brisk, there was no clonus, and very little resistance to 
passive stretch. This improvement continued for 
veral days. 

These cases illustrate how dilute procaine in- 
jected near a nerve trunk can abolish the spasticity, 
exaggerated tendon reflexes, and clonus without 
adversely affecting voluntary power. It is an 
analogous experiment to those reported by 
Matthews and Rushworth (1957a) on the effect of 
procaine on the stretch reflex and tendon jerk of 
the soleus muscle of the decerebrate cat, and those 
authors did further experiments (1957b, 1958) to 
support their thesis that gamma motor fibres were 
preferentially blocked by dilute procaine thus 
desensitizing the stretch receptors within muscle. 
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Fic. 2.—Case 2: Recordings of clonus, ankle jerk, and maximal plantar flexion of left foot. 
(a) Before procaine, spontaneous clonus at initial tension of dynamometer and ankle jerk (marked by spots) scarcely visible against the 
background of clonus; (6) five minutes after the procaine injection had been completed; (c) eight minutes after, no clonus; (d) 30 
minutes after; (e) four hours later, ankle jerks but no clonus, voluntary power larger than initially; (/) 24 hours later, no clonus and 


little resistance to passive stretch. 


Another way of showing this phenomenon in 
man is electromyographically when the stretch 
reflex, clonus, ankle jerk, and voluntary activity can 
be recorded from sample motor units. 


Case 3.—A.H., a man aged 21, had had mild difficulty 
with walking all his life, but nevertheless earned his own 
living in the family business of building. Indeed other 
members of the family were affected with this condition 
of very mild spastic paraparesis. The ankle jerks were 
very brisk and clonus could be elicited by fast stretch. 
Electromyograms were recorded from coaxial needle 
electrodes in the gastrocnemius and soleus muscles of 
the right leg. Figure 3a shows the activity in the muscles 
in response to slow stretch with recruitment of motor 
units to form the tonic stretch reflex. In Fig. 3b the 
electrical activity during maximal voluntary activity is 
shown, and in Fig. 3c the clonic response of the soleus 
and gastrocnemius muscles to fast stretch. The ankle 
jerk, which gave brief biphasic potentials interrupting the 
clonus and followed by a silent period, is shown in 
Figs. 3d and e. 

Then dilute procaine was injected around the sciatic 
nerve resulting 10 minutes later in an abolition of the 


stretch response in soleus muscle and only a single unit 
firing in gastrocnemius (Fig. 3f). The electrical activity 
of the ankle jerk is also reduced (Fig. 3g). Finally 
15 minutes later (Fig. 3h) the stretch responses in both 
soleus and gastrocnemius had been completely abolished, 
but voluntary plantar flexion produced an outburst 
(Fig. 3i). 

This case of familial spastic paraparesis shows 
again how procaine may differentiate in its action 
between spasticity (increased stretch reflexes) on 
the one hand and voluntary activity on the other. 

While the majority of patients studied have 
behaved as Cases 1, 2, and 3, occasionally the 
exaggerated ankle jerk has remained so or at some 
stage increased yet further in size, when clonus and 
the resistance to passive displacement were com- 
pletely absent. This no doubt confirms in the 
human that phasic and tonic stretch reflexes are 
different reflex mechanisms which nevertheless may 
have at least some common anatomical pathway. 


Case 4.—W.B., a man aged 21, had severe left spastic 
hemiparesis and partial left hemianaesthesia due to the 
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Fic. 3.—Case 3: Electromyograms from right soleus (S) and gastrocnemius (G) muscles, stretch of the 
muscles being signalled by the mechanogram M, recorded with Prof. D. Denny-Brown. 
(a) The response to slow stretch before procaine; (6) voluntary activity before procaine; (c) the response 
to fast stretch before procaine; (d) and (e) ankle jerks superimposed on clonus (the lowest line on these 
tracings is to be ignored); (/) 10 minutes after partial sciatic block with procaine, stretch reflex of 
soleus absent, that of gastrocnemius reduced to 1 unit; (g) the ankle jerk is also much reduced at this 
time; (A) 15 minutes after procaine, no stretch reflex in either soleus or gastrocnemius; 


(i) voluntary 
plantar flexion at this time shows an intense outburst in both muscles. 
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Fic. 4.—Case 4 : Dynamometer records of plantar flexion of left foot, clonus, and ankle jerks. 
(a) Before procaine, one ankle jerk throws the plantar-flexors into clonus which was only terminated by disconnecting the patient 
from dynamometer; (5) 60 minutes after procaine injection, no clonus; (c) three hours later, no clonus, power greater, jerks large; 
(d) 18 hours later, no clonus, power a little greater than before injection, ankle jerks approach voluntary power in size. 


complications of middle cerebral aneurysm. He had 
severe spontaneous clonus whenever he put his foot to 
the ground. 

On January 11, 1956, recordings of plantar flexions 
of the left foot were obtained with an initial tension of 
about 1 Ib. (Fig. 4a). This was insufficient to induce 
spontaneous clonus, but a single ankle jerk resulted in 
maintained clonus which was only terminated by taking 
the leg out of the dynamometer system. 

It was difficult to elicit paraesthesiae from the sciatic 
nerve due to the partial hemianaesthesia, so 15 ml. of 
2% procaine was injected in the region of the nerve with 
little effect until 60 minutes after injection (Fig. 4b) when 
the clonus very rapidly declined and disappeared as did 
the spasticity, and voluntary power was very slightly 
diminished. The ankle jerk, however, was, at this stage, 
larger than the voluntary power. 

Three hours later, both voluntary power and ankle 
jerks were larger than in the pre-injection state (Fig. 4c), 
clonus could not be elicited, and the resistance to passive 
stretch was slight. This state was little changed 18 hours 
later (Fig. 4d) and remained so for three days. 


Case 5.—This was a study on the right leg of Case 2. 

There was a little spontaneous clonus at rest when 
connected to a dynamometer with an initial tension of 
4 lb. The ankle jerks were just visible above the clonic 
base line (Fig. 5a). Good paraesthesiae were obtained 


from the right sciatic nerve, and 12 ml. of 1% procaine 
was injected. Five minutes later (Fig. 5b) the voluntary 
power was reduced slightly, clonus had gone and the 
ankle jerk was diminished. Ten minutes later the ankle 
jerk was absent but voluntary power was considerably 
reduced (Fig. 5c). One-and-a-half hours later in the 
recovery phase both the voluntary power of plantar 
flexion and the ankle jerks were increased (Fig. 5d), and 
two hours later (Fig. 5e) the ankle jerk was even larger 
and contained a second clonic beat. At this stage, 
clonus could not be elicited by fast stretch, and the 
resistance of the plantar flexors to passive displacement 
was slight. FFour-and-a-half hours later both voluntary 
plantar flexion and the size of the ankle jerk were nearer 
to pre-injection level (Fig. 5f) and slight resistance to 
passive displacement of the foot could now be felt, but 
no clonus was elicitable. 


The main findings in these last two cases, that 
spasticity can be abolished by procaine while 
sparing voluntary power, is in line with the other 
experiments and has a similar explanation, but the 
emergence of the ankle jerk and of voluntary power 
to a level greater than the pre-injection level is more 
difficult to explain. The explanation probably lies 
in the phenomenon of occlusion which occurs when 
two or more reflexes converge in the same mo‘0- 
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Fic. 5.—Same patient as Case 2 but right leg. 























5S5EC 


(a) Before procaine, spontaneous clonus, ankle jerks, and voluntary plantar flexion; (b) five minutes after partial 
block of sciatic nerve with procaine, no clonus; (c) 10 minutes later, no clonus, no ankle jerks but voluntary power 
also reduced; (d) one-and-a-half hours later, no clonus; (e) two hours later, jerks alone with time-base, doubled 
to show form of reflex response; (/) four-and-a-half hours later, no clonus, but slight resistance to passive 


stretch. 


neurone pool. In the case of the plantar flexors the 
hyperactive tonic and phasic stretch reflexes are 
competing with “voluntary activity’’ for the same 
motoneurones. This point will be discussed later. 

One case behaved quite differently from all the 
other cases reported above in that procaine only 
reduced the spasticity and ankle jerk along with the 
corresponding decrease of the power of voluntary 
plantar flexion. 


Case 6.—C.W., a man aged 31, developed thrombosis 
of the right vertebral artery resulting in the loss of 
several right cranial nerves, left hemiplegia, and left 
hemianaesthesia. After a stormy initial course the 
patient made a good recovery. Six weeks later the left 
leg was examined and found to show severe spastic 
weakness. Recordings of plantar flexion and the ankle 
jerks were obtained (Fig. 6a). A few beats of clonus were 
elici'ed on very rapid stretch, but these could not be 


recorded. A high sciatic nerve block was then attempted 
and fair paraesthesiae were obtained before 10 ml. of 
1% procaine was injected. Ten minutes later (Fig. 6b) 
both ankle jerk and voluntary power were reduced by 
75 %, resistance to passive displacement of the foot was 
still appreciable, and a few beats of clonus were still 
elicitable. Fifteen minutes later (Fig. 6c) the ankle jerk 
was less, there was no clonus and the voluntary power 
remained grossly reduced. Sixty-five minutes later 
(Fig. 6d) voluntary power had returned to about 80% 
of normal, the tendon jerk had also returned about 
the same amount, there was much resistance to passive 
displacement of the foot and a few beats of clonus could 
be elicited on fast stretch. 


This case then showed no differentiation by 
procaine between the spasticity, tendon jerk, or 
power. It would appear likely that this man’s 
spasticity was maintained independently of the 
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gamma motor fibres and is probably like the 
Pollock and Davis type of decerebrate cat (‘‘alpha”’ 
cat of Granit) studied in this context by Matthews 
and Rushworth (1957a) and Matthews (1958). Its 
occurrence in only one case of the present series 
suggests that it is probably an unusual form of 
spasticity in man. 


II. Comparison of the Stretch Reflexes of Spasticity 
and Rigidity 

Before describing the effects of procaine on 
parkinsonian rigidity the characteristic similarities 
and differences of the stretch reflex in this condition 
and in spasticity will be compared and contrasted. 

Passive displacement of a spastic limb displays a 
progressive increase of resistance to stretch of 
muscle groups, which are usually antigravity muscles. 
Passive displacement of the limb in the cther 
direction, so as to stretch the antagonists of the 


Fic. 7.—Electromyogram from the 
lateral and medial heads of the 
gastrocnemius in a _ young 
woman with cerebral palsy. 
Lateral head upper _ record. 
Mechanogram shows the stretch 
stimulus. 

Progressive recruitment and 
acceleration of units until the 
lengthening reaction occurs 
(first dip of the mechanogram). 





Peer 


Fic. 6.—Case 6: Dynamometer records of voluntary 
plantar flexion and ankle jerks. j 
(a) Before procaine; (b) 10 minutes after partial 
sciatic nerve block with procaine; (c) 15 minutes 
afterwards; (d) 65 minutes afterwards. 


antigravity muscles, characteristically encounters 
little resistance. The resistance of passive displace- 
ment of antigravity muscles may increase steeply 
with each increment of stretch until a certain 
maximum is reached when the muscles suddenly 
relax. This is the “clasp knife’? or lengthening 
reaction. It is often difficult to demonstrate in adult 
spastics owing to the immense size of the stretch 
reflex in some large muscle groups. It may, under 
some circumstances, approximate to the maximal 
tetanic power of the muscles and may thus be very 
difficult to exceed by the examiner. Fig. 7 shows an 
electromyogram of a stretch reflex in both heads of 
the gastrocneumius muscle in a young woman with 
cerebral palsy. This patient was unable to plantar- 
flex the foot voluntarily and the electromyogram 
was almost silent during such an attempt, yet the 
outburst of potentials during maximal stretch shows 
that reflex motor power is by no means absent. 
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Fic. 8.—Electromyograms from left lateral head of the gastrocnemius (upper line) and the 
tibialis anterior (lower line) in a man, age 41, with spastic paraparesis due to disseminated 
sclerosis. Mechanogram shows passive dorsification of foot. 

(a) Slow stretch; (b) faster stretch; (c) fastest stretch; (d) voluntary activity in gastroc- 
nemius; (e) voluntary activity in the tibialis anterior. 
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Fic. 9.—Same patient as in Fig. 8, but records reversed, the tibialis 
anterior on the upper line, the gastrocnemius on the lower line. 
Patient has been asked gently to dorsiflex the foot which is then 
further dorsiflexed passively so as to induce clonus in the 
gastrocnemius. Silent periods occur in the tibialis records 
corresponding to each clonic burst of the gastrocnemius, giving 
a spurious appearance of clonus in the former. 


The figure shows the clonic onset of the stretch 
reflex, then the progressive acceleration and re- 
cruitment of motor units to a 
maximal outburst. With relax- 

ation of the stretching force, 

the electromyogram becomes 
silent again. 

The intensity of the stretch 
reflex in spasticity is often a 
proportional to the rate of 
stretch. In Fig. 8 the stretch 
reflex is shown electromyo- 
graphically recorded from the 
gastrocnemius muscles (top 
line) and tibialis anterior (bot- 
tom line) as the muscle is 
successively stretched at faster 
rates. The patient from whom 
these records were taken was b 
a man aged 41, with a mild 
spastic paraparesis due to 
disseminated sclerosis. With 
relatively slow stretch a single 
large unit is seen in the electro- 
myogram (Fig. 8a) and this 
accelerates as the stretch in- 
creases. When the stretch is 
faster (Fig. 8b) more than one 








Fic. 


10.—Same case. Coaxial needles 
in lateral head of the gastrocnemius 
(upper line) and medial head of the 
gastrocnemius (lower line). 

(a) The response to slow stretch; 
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unit is recruited and there are two beats of clonys, 
Finally with the fastest stretch (Fig. 8c), five units 
beat in a clonic rhythm of 6 per second. There is no 
stretch reflex in the tibialis anterior (Figs. 8a, b, 
and c) though it can be innervated voluntarily by 
this spastic patient (Fig 8e). During voluntary 
contraction of the gastrocnemius (Fig. 8d) the 
units that can be seen firing are probably those that 
were activated in the stretch reflexes. 

The stretch reflex of a muscle group in spasticity 
may not be inhibited by active contraction of the 
antagonist, though the law of reciprocal innervation 
may still hold. This apparently paradoxical situa- 
tion is illustrated in Fig. 9. The lower record is the 
electromyogram of gastrocnemius muscle and the 
upper is that of the tibialis anterior. The patient is 
gently contracting the tibialis anterior when the 
gastrocnemius is given an extra passive stretch. 
This starts off clonus in the gastrocnemius (at the 
same rate as before, 6 per second), while there are 
now silent periods in the tibialis anterior record 
simultaneously with the clonus in its antagonist. 
Thus the tibialis anterior is inhibited during each 





































(6) the response to fast stretch; 
(c) the ankle jerk; (d) voluntary 
plantar flexion. 
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Fic. 11.—Case of Parkinson’s disease. Electromyograms from extensors (upper line) and flexors (lower line) of the 
right wrist. The mechanogram shows passive displacement of the wrist. 
(a) Passive stretch of flexors, then extensors; (b) continuing (a), passive stretch of extensors, then flexors; (c) voluntary 
contraction of extensors; (d) voluntary contraction of flexors. 


clonic outburst from the gastrocnemius, though the 
Stretch response of gastrocnemius had not been 
inhibited by the voluntary activity of the tibialis 
anterior. 

Another characteristic of the stretch reflex in 
spasticity is its sudden cessation when stretch is 
relaxed. Fig. 10 shows recordings from the two 
heads of the gastrocnemius (lateral head upper line, 
medial head lower line) during slow and fast 
3 


stretch (Figs. 10a and b). The stretch reflex in both 
muscle heads halts as soon as the stretching stimulus 
is relaxed. Fig. 10c shows the clonic ankle jerk, and 
Fig. 10d the outburst of activity on maximal 
voluntary plantar flexion. 

In parkinsonian rigidity both extensor and flexor 
muscles of the same limb show exaggerated stretch 
reflexes. Thus there is resistance to passive move- 
ment of the limb in any direction whether it be 
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passive flexion or passive extension. Furthermore, 
parkinsonian rigidity is plastic in that the limb once 
displaced tends to stay there. All these features are 
reflected in the electromyogram (Fig. 11). This 
record was taken from the flexor (lower line) and 
extensor muscles (upper line) of the wrist in a patient 
with mild parkinsonian rigidity and little tremor. 
Passive stretch of the extensors produces a complex, 
irregular build up of activity with units appearing 
and then falling out again (Fig. lla). This is more 
clearly seen when the flexors are stretched (Fig. 11b) 
and there is definite grouping of action potentials at 
about 7 per second (which may represent the tremor 
rate in this patient) at the beginning of stretch. As 
stretch progresses there are little silent periods at 
irregular intervals, which almost certainly are 
lengthening reactions which thus allow the muscle to 
take up the length imposed upon it. This is, then, 
the plasticity of parkinsonian rigidity. Furthermore, 
the electromyogram may not necessarily be silent 
when the antagonistic muscle is stretched thus 


relaxing the agonist (lower record Fig. 11a), and it 
is then apparent that there is firing of a few motor 
units almost synchronously at a rate of 7 per second 
and each burst often corresponds with a little 
reduction in activity in the antagonist which must 
add to the plastic properties of this type of rigidity, 
In both the extensors (Fig. 11c) and in the flexors 
predominantly (Fig. 11d), the tremor rhythm js 
apparent at the onset of voluntary contraction but 
tends to smooth out as contraction reaches a 
maximum. 


Ill. Effects of Procaine on Parkinsonian Rigidity 

Twenty-five cases have been studied and the cases 
selected have all shown a _ predominantly rigid 
picture rather than tremor, though, of course, the 
latter was often present as well. The present results 
have been very uniform and confirm those reported 
by Walshe (1924). 

Case 7.—E.T., a woman aged 63, had Parkinson's 
disease for 18 months beginning in the right hand with 
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Fic. 12.—Case 7: Electromyograms from extensors (upper line) and flexors (lower line) of right wrist. Mechanogram 


signals passive displacement of the wrist. 


(a) Spontaneous tremor; (6) maximal voluntary extension of wrist; (c) passive stretch of extensors, then flexors. 
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slow, tremulous but powerful. Stretching 
the extensors, however, evoked an almost 
equally large irregular and intermittent out- 
burst (Fig. 12c) which has already been 
described as typical of parkinsonian rigidity. 
The stretch reflex of the flexor muscles in 
this patient was relatively brief. 

After these initial recordings had been taken, 
5 ml. of 1% procaine was infiltrated fan-wise 
into the extensor muscle near its motor point. 
Three minutes later (Fig. 13) the spontaneous 
tremor of the extensor muscle was reduced in 
amplitude, though the rate remained the same 
as before (Fig. 13a). Only one or two action 
potentials were seen in each tremor beat of 
the extensor while previously at least four and 
often six or seven could easily be identified. 





Fic. 13.—Same case as Fig. 12, 
extensors. 


(a) Spontaneous tremor, fewer units take part in the extensors; (b) stretch 


response of extensors reduced. 


tremor; this with slowness of movement are now the 
predominating symptoms. In August, 1957, simul- 
taneous recordings were taken from co-axial needles in 
the extensor and flexor muscles of the right wrist, and 
the mechanogram was recorded from the extensor surface 
of the wrist. The spontaneous tremor at rest was 
recorded (Fig. 12a) and shown to be alternating between 
the flexors and the extensors. The onset of voluntary 
contraction of the extensors of the wrist (Fig. 12b) was 


three minutes after procaine injection into 


The spontaneous tremor and stretch reflex of 
the flexor muscle remained unaltered. The 
stretch reflex of the extensor muscle, however, 
was much reduced (Fig. 13b). Five minutes 
after the procaine injection (Fig. 14) the 
spontaneous tremor in the extensor muscle 
was still present, but much reduced in size and 
in number of units firing (Fig. 14a). Maximal 
voluntary activity of the extensor (Fig. 14b) was 
of large amplitude and slightly irregular and certainly no 
smaller than before the procaine injection. On the other 
hand, the stretch reflex of the extensor muscle had disap- 
peared (Fig. 14c), while that of the flexor remained unalter- 
ed. Thirty-five minutes later (Fig. 15) the tremor amplitude 
and number of units firing was much the same (Fig. 15a) 
and voluntary contraction was at first tremulous before 
the maximum was recorded (Fig. 15b). Its amplitude 
was comparable to that in Fig. 14. The stretch reflex in 
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Fic. 14.—Same case as Fig. 12, five minutes after procaine injection into extensors. 
(a) Spontaneous tremor, few units present in extensors; (b) voluntary extension of wrist shows large amplitude 
outburst of motor unit potentials; (c) no stretch reflex in the extensors. but a good one remains in the flexors. 
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Fic. 15.—Same case as Fig. 12, 35 minutes after procaine injection. 
(a) Spontaneous tremor; (6) maximal extension of wrist; (c) a small stretch reflex is now returning 


to the extensors. 


the extensors was quite small, three or four units only 
recruiting and falling out in the manner so characteristic 
of plastic rigidity (Fig. 15c). 

The rigidity of the extensors of the wrist in this patient 
did not fully return to the pre-injection level during the 
total period of observation (three hours), though it was 
sought for both clinically and electromyographically. 


In parkinsonian rigidity procaine has a clear 
differential action on the rigidity, which it abolishes, 
and on motor power, which is preserved. The tremor 
continues in the injected muscle at the previous rate, 
but fewer motor units seem to partake. 


1V.—Effects of Procaine in Dystonia and Tetanus 


By dystonia we mean a state of abnormal posture 
of a limb or limbs (either in flexion or extension) 
with increasing resistance to passive movement 
which may be intense. The dystonic muscles do not 
show the lengthening reaction and the limb always 
returns to its previous posture when the imposed 
displacement is relaxed. It is in this respect, the 
very opposite of the plastic rigidity of parkinsonism, 
which allows the limb to assume any posture 
imposed upon it. 

Four patients with dystonic arms have been 
studied; two had Wilson’s disease and two had had 
a cerebral haemorrhage several weeks previously. 
They all had flexed arms which resisted attempts of 
passive extension and could not be extended 
voluntarily. Two of these patients were considered 
to have “contracture” of the biceps. Voluntary 
activity of the biceps was present but hard to assess 


and the biceps jerk was apparently absent. Ten 
millimetres of 1° procaine were injected fan-wise 
near the motor point of the biceps muscle and 
within 10 minutes: the arm could be extended to 
150° and a biceps jerk was elicited. Voluntary 
power of flexion was very strong. Over the next 
half hour this state remained and then the dystonia 
gradually returned so that at the end of two hours 
it was almost fully back. 

These cases were of interest as they showed that 
“contracture”’ of dystonic muscles is not the whole 
picture and that independently of any pathological 
shortening of tendon or muscle, reflex factors 
through the mediation of the gamma fibres of the 
muscle spindle are responsible for the abnormal 
posture. 

One case of tetanus has been studied. 

This was a boy of 6 (B.L.) who had contracted severe 
tetanus 12 weeks before the experiment to be described 
below. He had required curarization and positive 
pressure respiration for six weeks. After these measures 
had been stopped many of his muscles, particularly 
antigravity muscles, were stiff. Thus he still had trismus, 
and the arms were held in a flexed almost dystonic pos- 
ture, as were the thighs and legs. The arms were almost 
fully flexed in the resting posture, but he was able 
voluntarily to extend them to about 75°. He was thought 
to have moderately severe contracture of all the affected 
muscles though the tendon jerks were all present and 
very brisk. 

On February 28, 1957, 5 ml. of 1% procaine was 
infiltrated into the left biceps muscle near the motor 
point. Within seven minutes the arm could be extended 
voluntarily to 135,° power of the biceps was strong, and 
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the te:don jerk brisk. Within 45 minutes, however, the 
original posture had been resumed and the arm could 
only be extended 90°. 


This case again illustrated the overemphasis of 
the clinicians on contracture instead of an 
exaggerated stretch reflex. It also shows that the 
increased stretch reflexes of some stages of tetanus 
can be differentially reduced by procaine without 
affecting voluntary power adversely. 


Discussion 


The interpretation of the experiments described 
above depends on what is already known about the 
action of dilute procaine solutions on the innervation 
of muscles, whether it is injected around the nerve 
itself or near the motor point. Branching of large 
motor nerve fibres frequently begins near the latter 
region and each individual branch has a diameter 
less than its parent and would therefore be expected 
to be more susceptible to the action of a local 
anaesthetic. Nevertheless motor power may persist 
unaltered when quite large amounts of dilute 
procaine are injected near the motor point. 

The muscular nerve contains large afferent fibres 
(13-20) derived from the annulo-spiral endings of 
muscle spindles and the Golgi tendon organs 
(Group Ia and Ib afferents), smaller afferent fibres 
(4-124) originating in the flower spray endings 
of the muscle spindle (Group II afferents), and 
small (1-4) afferent fibres (Group III afferents) 
from the intramuscular septa and blood vessels 
(Lloyd and Chang, 1948; Adams, Denny-Brown, 
and Pearson, 1953). Two-thirds of the afferent 


| fibres in the muscular nerve are large motor fibres 


(alpha efferents, 8-14.) and destined to supply all 
muscle fibres except those of the muscle spindle 
(Eccles and Sherrington, 1930) and the remaining 
third are small (2-74) motor nerve fibres (gamma 
efferents) which specifically innervate the intrafusal 
muscle of the muscle spindle. 

It has been known for a number of years that the 
cocaine group of local anaesthetics tends to block 
small nerve fibres in preference to large ones 
(Gasser and Erlanger, 1929), and Matthews and 
Rushworth (1957b) showed that in the special case 
of the muscular nerve, the gamma motor fibres were 
preferentially blocked by dilute procaine. Stronger 
solutions of procaine did block the larger fibres, 
however, the large motor fibres being slightly more 
susceptible than the large afferents. 

At a time when the gamma fibres were blocked 
by dilute procaine, large motor nerve fibres could 
transmit a motor tetanus of 100 per second and also 
high afferent discharges from the muscle spindle 
could be evoked (Matthews and Rushworth, 1958). 


It was not until both the large afferents and the large 
motor fibres were actually dropping out that the 
problem of the refractory period began to show 
itself. 

Another series of experiments by Matthews and 
Rushworth (1957a) showed that the stretch reflex 
and tendon jerk of the soleus muscle of decerebrate 
cats were very rapidly abolished by 0:2% procaine 
when this was applied to the nerve, though the motor 
tetanus at 100 per second was unaffected. They 
interpreted these results in terms of a preferential 
block of the gamma motor fibres at a time when 
neither the large (alpha) motor fibres nor the large 
proprioceptive fibres (Group I) were affected. 

In the present experiments on patients with 
spasticity, rigidity, or dystonia, selective block of 
gamma motor fibres to muscle spindles by procaine 
leaving large motor fibres and large sensory fibres 
intact is an adequate explanation of the differential 
abolition of the exaggerated stretch reflex without 
affecting motor power. Sarnoff and Arrowood 
(1947) reported a similar phenomenon when they 
described the abolition of knee and ankle jerks by 
0:2% intrathecal procaine while voluntary power 
and position sense remained intact. At that time 
an adequate explanation was not available. 

Recently, intrathecal phenol has been used to 
alleviate spasticity (Nathan, 1959; Kelly and 
Gautier-Smith, 1959), following the lead given by 
Maher (1955 and 1957) and Brown (1958) that this 
substance can be used to destroy small nerve fibres 
in either dorsal or ventral roots. In this respect it 
behaves like procaine except that the block is per- 
manent. Alcohol too has similar properties on 
nerve fibres, but though it has had its advocates 
(Cooper and Hoen, 1949) it is not really suitable for 
intrathecal therapy due to its irregular and poor 
penetration and to the adhesive arachnoiditis that 
occasionally follows its use. It would appear that 
the beneficial effects of alcohol and phenol on 
spasticity depend on the preferential permanent 
blocking of gamma motor fibres in the ventral roots. 

Some of the unexplained long-lasting effects of 
procaine blocks in spastic patients may be attributed 
to the 0:2°% chlorocresol which is often mixed with 
procaine to preserve it. One would expect chloro- 
cresol to have similar properties to phenol. 

In the present experiments on spastic patients 
procaine has usually abolished the clonus, resistance 
to passive displacement, and the ankle jerk in this 
order, at a time when the motor response was not 
reduced. The abolition of the ankle jerk by pro- 
caine is, as Matthews and Rushworth pointed out 
(1957a), the converse of Jendrassik’s manoeuvre 
(“reinforcement”) which is known to excite the 
gamma motoneurones (Paillard, 1955). 
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Often voluntary power was even increased as 
much as 20% when the stretch reflexes had been 
abolished with procaine, and occasionally during 
the progressive block a stage might be reached when 
the ankle jerk was actually increased though the 
resistance to passive stretch and clonus was absent 
(Case 5). 

The convergence of a number of reflexes on to a 
common motoneurone pool may result in a number 
of reflex phenomena, among them that of ‘‘occlu- 
sion’? (Creed, Denny-Brown, Eccles, Liddell, and 
Sherrington, 1932). This principle explains how 
the resultant of two reflexes acting together may be 
less than the sum of each acting individually. 
Occlusion of the tendon jerk by the stretch reflex 
was beautifully shown by Denny-Brown (1928) in 
the quadriceps of a decerebrate cat. The initial 
tension of the myograph was high (about 4 Ib.) 
(this was largely stretch reflex) and the knee jerk 
could hardly be seen superimposed on this high 
tension. The stretch reflex of the quadriceps was 
then inhibited by pulling on the tendon of the ilio- 
psoas, and now the knee jerk was seen as a large 
amplitude response but not exceeding the tension 
of the original stretch reflex. As the inhibitory 
stimulus was withdrawn, the large toxic stretch 
reflex of the quadriceps gradually returned and 
with this the knee jerk progressively declined again. 


In the present experiments “voluntary” activity 
and the tendon jerk were competing for moto- 
neurones against a background of a hyperactive 
tonic stretch reflex which dominated the same 


motoneurones. Desensitization of the stretch 
response of the muscle spindle by blocking the 
gamma motor fibres with procaine kept the stretch 
reflex in abeyance but now allowed the synchro- 
nized afferent volley from the tendon jerk to have 
a wider access to motoneurones and also voluntary 
activity likewise. Thus severe spasticity may 
occlude some voluntary movement (and the tendon 
jerk), and these may be increased when the exag- 
gerated tonic stretch reflex is reduced. 

The classical decerebrate rigidity of animals, 
spasticity in man, and parkinsonian rigidity are all 
due to increased tonic stretch reflexes and are 
reduced or abolished if the appropriate dorsal roots 
are cut (Sherrington, 1898; Forster, 1911, 1913a and 
b; Hey Groves, 1911; Pollock and Davis, 1930). 
The stretch reflexes in these conditions have already 
received a certain amount of study (Liddell and 
Sherrington, 1924; Hoefer and Putnam, 1940; 
Rondot, Dalloz, and Tardieu, 1958). But the 
fundamental disorder of physiology which de- 
termines the difference between the parkinsonian 
plastic type of rigidity, the statuesqueness of the 
dystonias, and clasp-knife spasticity is not entirely 
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clear. The distribution of stretch reflexes in «ther 
agonist or antagonist or both, however, mu.: be 
highly significant and cause much reflex interplay 
at the spinal level. The electromyogram in parkin- 
sonian rigidity shows that the lengthening reaction 
occurs with each increment of movement and this 
accounts for the plasticity of the rigidity. We think 
of the lengthening reaction as being an inhibitory 
mechanism due to the discharge of Golgi tendon 
organs, but this may not be the whole story in this 
type of rigidity, for we know that certain reflexes 
between agonist and antagonist are exaggerated in 
this condition. The Westphal phenomenon in 
parkinsonism is an example of this (Denny-Brown 
and Rushworth, to be published), for when the foot 
is suddenly dorsiflexed the shortened muscles 
contract. This so-called “paradoxical stretch 
reflex”’ is due to proprioceptive discharge from the 
antagonists, and disappears when these are injected 
with procaine. 

The abolition of hyperactive stretch reflexes by 
injecting procaine in the gamma motor fibres 
suggests that in spasticity, rigidity, and dystonia the 
gamma motoneurones are overactive, thus increasing 
the sensitivity of the annulo-spiral ending of the 
muscle spindle to stretch. This in turn produces 
tetany in the motoneurones and a state of post- 
tetanic potentiation can thus be established (Granit, 
1955, 1956). Gamma motoneurones can be excited 
and inhibited both at the cord level (Hunt, 1951; 
Kobayashi, Oshima, and Tasaki, 1952; Granit, 
Job, and Kaada, 1952; Eldred and Hagbarth, 1954) 
and from various supraspinal structures including 
the reticular formation and motor cortex (Granit 
and Kaada, 1952; Eldred et a/., 1953). Plurality 
of origin of excitatory and inhibitory balance of 
the normal gamma motoneurones might account 
for the frequency of hyperactive stretch reflexes 
as a sign of disease of the central nervous system. 

One of the present cases (Case 6) showed no 
differential action of procaine between the stretch 
reflex and motor power and in this respect was 
analogous to the experiments of Matthews (1958) on 
the effects of procaine on the rigidity of the Pollock 
and Davis type of anaemic decerebrate cat. In this 
case the spasticity is maintained by alpha moto- 
neurones alone and is not abolished by dorsal root 
section. This type of spasticity was only seen in 
one instance in the present study and is probably 
unusual, but the present cases were all selected to 
have at least measurable voluntary activity, and the 
stretch reflexes of the completely isolated spinal 
cord have not been examined. 

While the exaggerated stretch reflex is certainly 
an important basic disorder of function in spasticity, 
rigidity, and dystonia, it is not the only one as 
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Denny-Brown has pointed out (1950). Not only are 
stretch reflexes of certain muscles hyperactive, but 
they are also more susceptible to other propriocep- 
tive stimuli whether from other muscles or the 
labyrinth. Other modalities of stimuli also seem to 
be channelled into facilitating the stretch reflex and 
only pain may inhibit it. This may account for much 
of the disorder of voluntary movement in spastic 
paresis, parkinsonism, and dystonia. 


Summary 


The evolution of experiments and ideas leading 
to the stretch reflex are traced and the superfluity 
of the term “‘tonus”’ is re-emphasized. 

A method of investigating patients with spasticity, 
rigidity, and dystonia is described and is based on 
experiments with 50 patients. 

Dilute procaine injected near the muscular nerve 
results in abolition of the hyperactive stretch 
reflexes, while voluntary activity is preserved and 
often slightly increased. 

Reasons are given for believing that this is due 
to a selective action of procaine on the gamma 
motor fibres of the muscle spindle. 

The stretch reflexes of spasticity and parkin- 
sonian rigidity are compared and the dependence of 
- these states on gamma motoneurones is discussed. 

Occlusion of voluntary movement and tendon 
jerks by high tonic stretch reflex is described. 

One case only showed no differential action on 
stretch reflex and voluntary power, and spasticity 
in this single case was no doubt maintained by alpha 
motoneurones alone, independently of the gamma 
fibres. 

It has been suggested that a possible explanation 
of the long-lasting effects of procaine in relieving 
spasticity and rigidity may be due to the 0:2% 
chlorocresol which is often mixed with procaine 
solutions to preserve them. This may act like 
phenol in blocking gamma motor fibres more 
permanently. 


It is a great pleasure to thank Dr. Ritchie Russell, who 
has most kindly placed many patients at my disposal, 
and | am most grateful to him for providing the excellent 
facilities for this work and giving his unstinted support, 
advice, and encouragement. 

| wish also to record my gratitude to Professor D. 
Denny-Brown for the generosity of his own time and 
practical help in investigating some of these patients and 
also for much stimulating discussion. Professor E. G. T. 
Liddell has been a constant help from the very be- 
ginning, and I am most grateful to him for support and 
encouragement as well as the inspiration of his own 
br \liant work on stretch reflexes and experimental 
ri: ‘dities. Dr. C. G. Phillips has given freely of his 
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I am most grateful to the N.S.S. for a grant for apparatus. 
A grant from the Wellcome Trust made the work at 
Boston City Hospital possible. The Cairns’ Fund 
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THE EFFECT OF CHANGES IN SERUM POTASSIUM 
UPON MYOTONIA* 


BY 


PETER LEYBURN and JOHN N. WALTON 


From the Neurological Unit, King’s College, University of Durham, in the Royal Victoria Infirmary, 
Newcastle upon Tyne 


The phenomenon of myotonia is characterized by 
a delay in relaxation, or more correctly, by a 
prolonged after-contraction which follows upon a 
contraction of skeletal muscle, despite the patient’s 
attempts to relax. In some cases, the after-con- 
traction, and the accompanying electrical changes 
which can be detected in the electromyogram, may 
last for as long as a minute. Myotonia occurs 
clinically in the group of disorders which have been 
referred to as “the myotonic syndrome” (Walton 
and Nattrass, 1954). The three principal conditions 
falling into this category are: first, myotonia con- 
genita, in which the myotonia is generalized and 
present from birth; secondly, dystrophia myo- 
tonica in which myotonia usually appears first in 
adult life and affects comparatively few muscles, 
while there are signs of an associated peripheral 
myopathy and other dystrophic features; thirdly, 
there is the rare condition paramyotonia, in which 
myotonia occurs only on exposure to cold and is 
usually accompanied by episodes of profound 
muscular weakness, resembling in many respects 
attacks of familial periodic paralysis. Typically 
myotonia is made worse by cold and it is usually 
improved by exercise, but very occasionally it is 
accentuated by exertion (myotonia paradoxa). The 
pathogenesis of myotonia remains obscure; it is 
not abolished by blocking of the motor nerve supply 
of a muscle or by curarization, and hence it is widely 
believed that the phenomenon results from an 
intrinsic abnormality of the muscle fibre itself or of 
its membrane. 

Many different forms of treatment have been 
utilized in an attempt to relieve or abolish myotonia, 
as it can sometimes be a most disabling symptom. 
In a recent paper (Leyburn and Walton, 1959) we 
reviewed the experiences of previous workers in this 
field and reported the results of a controlled trial of 
treatment carried out in 20 patients with myotonia. 
It was shown that both procaine amide and predni- 
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sone, if given by mouth, have a beneficial effect upon 
the condition and that both are much superior to 
quinine. It must nevertheless be admitted that 
although procaine amide is a satisfactory and 
successful remedy in the majority of cases, it does 
not always abolish myotonia completely, and side- 
effects are occasionally troublesome. In the hope 
of finding an even more effective treatment and of 
elucidating further the nature of the myotonic 
phenomenon, we decided to investigate the influence 
of changes in the serum potassium upon myotonia. 

In 1953, Griittner and Mertens described treat- 
ment of a severe case of myotonia congenita using 
an ion-exchange resin to lower the serum potassium. 
Later they used the same method in treating 11 
patients with dystrophia myotonica and six with 
myotonia congenita (Mertens and Griittner, 1955). 
The ion-exchange agent used was the ammonium 
form of polystyrene sulphonic acid which has the 
disadvantage that it attracts sodium ions as well as 
those of potassium, although its greatest effect is to 
decrease potassium absorption. Some of these 
patients received the resin for periods of several 
months, with resultant lowering of the serum 
potassium from an average value of about 19 mg. 
per 100 ml. (4:7 mEq./1.) to 12 mg. per 100 ml. 
(3:1 mEq./1). Accompanying this prolonged fall in 
serum potassium there was a striking decrease in 
the severity of the myotonia in all cases, and this 
persisted for as long as the treatment was continued. 
Withdrawal of treatment was followed within a 
week by a rise of serum potassium to former levels 
and by a return of the myotonia to its previous state. 
In a small series of cases, Ilyina (1957) also found 
ion-exchange resins to be of benefit. 

Recently, Tompkins, Lascelles, and McKinney 
(1959) have described the use of a potassium- 
binding resin in the treatment of two cases of 
myotonia congenita and one of dystrophia 
myotonica. Myotonia was said to be greatly 
diminished in all cases and abnormal electromyo- 
grams were restored to normal. In the dystrophic 
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patient muscle power was reported to be greatly 
increased. In one case no significant fall in serum 
potassium and no constant change in other electro- 
lyte values were noted during prolonged treatment 
and yet myotonia was improved by 90% in the 
forearm muscles. The authors agree that this 
finding is difficult to explain. 

In this paper we report the results of a clinical 
trial in which we have studied the effect of a 
potassium-binding resin in seven patients with 
myotonia. In one case we also studied the effects 
of chlorothiazide and of insulin and glucose, and 
in another we were able to study the clinical 
phenomena which accompanied shifts in body 
potassium. 


Material and Methods 

Of the seven patients treated with the resin, five were 
suffering from dystrophia myotonica and two from 
myotonia congenita. None of the dystrophic patients 
was severely disabled but each of them showed clear-cut 
clinical myotonia in the muscles subserving the grip. 
In the two patients with Thomsen’s disease myotonia 
was widespread and severe, but neither showed any 
dystrophic features; one of these patients had been 
included in our previous trial of treatment and had 
since taken procaine amide with good effect. For the 
period of the present trial, however, procaine amide 
therapy was discontinued. Of the other six patients, 
three had had no previous treatment and three had shown 
a poor response to procaine amide. 

The resin used was sodium polystyrene sulphonate; 
it was supplied by Bayer Products Ltd., under the com- 
mercial name of “resonium-A”. The dose of this 
recommended for hyperkalaemia of renal origin is 60 g. 
daily, and we gave our patients at least this amount, in 
four daily doses, taken after meals. Each patient was 
admitted to hospital before treatment was started and 
remained under in-patient supervision throughout the 
course of the trial. 

In an attempt to define any possible relationship 
between the severity of myotonia and the level of the 
serum potassium, the latter was estimated in venous 
blood daily as far as possible; usually estimations of 
serum sodium, chloride, and bicarbonate were also 
performed. The serum calcium was estimated weekly 
but magnesium levels were not determined. Electro- 
cardiograms were taken weekly. The duration of the 
myotonic after-discharge in the forearm muscles was 
assessed daily by the clinical method described pre- 
viously (Leyburn and Walton, 1959). The patient 
squeezed two of the examiner’s fingers as tightly as 
possible for three seconds and then, on command, he 
attempted to straighten out his fingers and thumb com- 
pletely and as rapidly as possible in one smoothly 
continuous movement. Care was taken to ensure that 
the wrist was fully extended throughout. Both hands in 
turn were “timed” and the average time in seconds was 
taken as being the figure to represent the severity of the 
myotonia on that occasion. The estimations were always 
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made at the same time of day and under similar cop. 
ditions of temperature and patients were instructed not tg 
use the muscles concerned for at least 15 minutes befor 
each examination. The figure representing the duration 
of myotonia on any one day had little value in itself by 
possessed meaning when compared with results obtained 
on other occasions. 


Case Reports and Results 

Case 1.—G.S.P., a man, aged 35, had dystrophia 
myotonica. Dystrophic features included myopathic 
facies, atrophic sternomastoids, marked weakness of 
peripheral limb muscles with weakness of the grip and 
bilateral foot-drop, and slight testicular atrophy. 
Myotonia of the grip was severe and the electromyogram 
showed a typical abnormality. 

Before treatment the average serum potassium on 
three successive days was 4-0 mEq./1. and after 18 days 
of treatment with “resonium-A” 60 g. daily, the reading 
was 2:6 mEq./1. The duration of myotonia as measured 
with our technique was an average of nine seconds and 
towards the end of the course of treatment it averaged 
just over seven seconds. Despite the fall in serum 
potassium the patient’s myotonia did not improve ina 
parallel manner (Fig. la). As an example, on the second 
day of treatment the serum potassium was 4:8 mEq. |. 
and myotonia lasted six-and-a-half seconds, while on the 
seventeenth day the serum potassium was 2°6 mEq. 1. 
and the duration of the myotonia was over seven-and-a- 
half seconds. No increase in the power of dystrophic 
muscles was noted. ; 

While the resin was being given, the patient’s serum 
sodium rose from its pre-treatment value of about 
145 mEq./1. to 155 mEq./1. on the sixteenth day. There 
was no significant trend in the slight day-to-day changes 
in serum chloride or bicarbonate, while the total and 
diffusible serum calcium, measured weekly, remained 
unchanged. Slight electrocardiographic changes ob- 
served towards the end of the course were consistent with 
mild hypokalaemia. 

After 10 days of treatment, when the serum potassium 
was falling and the sodium was beginning to rise, ankle 
oedema was observed. This increased steadily until the 
resin was stopped, when it gradually disappeared. The 
patient suffered no other ill-effects and no cause for this 
oedema, other than treatment he had received, could be 
found. In confirmation of our objective findings, this 
patient considered that the treatment had been of no 
benefit. 


Case 2.—S.S., a man aged 40, had dystrophia 
myotonica. The patient showed frontal baldness, 
testicular atrophy, early cataracts, a myopathic facies, 
weakness and wasting of peripheral muscles and of the 
sternomastoids, and myotonia of grip. Treatment was 
begun with “resonium-A”, 60 g. daily, and the serum 
potassium fell steadily from an initial level of 4-2 mEq./1. 
to a value on the seventeenth day of 2:2 mEq./1. 
Although there was some fluctuation in the duration of 
the myotonia, and this appeared to be independent 
of the biochemical changes, the overall trend was one of 
improvement (Fig. 1b). Before treatment the duration of 
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the after-contraction was six seconds; at the end of the 
treatment period it was four seconds. Eighteen days 
after treatment was stopped, when the level of the serum 
potassium had returned to 4-4 mEq./1., it was seven 


seconds. 


Serum values 


sodiumbicarbonate, and _ chloride 


fluctuated a little from day to day, but there was no 


consistent trend and the readings remained within nor- 


' mal limits throughout. Calcium values remained un- 


The electrocardiograms showed findings 
No 


changed. 
consistent with hypokalaemia during treatment. 
clinical side-effects were noted. 

The improvement in the degree of this patient’s 


' myotonia was not such that it was clinically beneficial. 
Objective improvement did occur over the 17-day 
_ period but could only be discovered by careful measure- 


ment. This patient also received an inert powder re- 


' sembling “resonium-A”’ for three weeks after the initial 
' course of treatment was completed, but this produced 
no significant change in his myotonia. 


Case 3.—F.B., a man aged 44, had dystrophia 
myotonica. The dystrophic features included frontal 
baldness, a myopathic facies, thin sternomastoids, and 
a distal myopathy; moderate myotonia of the grip could 
be demonstrated. 

On a daily dosage of 60 g. of “‘resonium-A”’ the serum 
potassium fell only slightly (Fig. 1c). At the beginning of 
the course of treatment the reading was 4°5 mEq/1.; 
after 15 days it was 3-8 mEq./1. There was no significant 
change in myotonia or in muscular power throughout. 
Before treatment the average duration of the after- 
contraction was three-and-a-half seconds; on_ the 
fifteenth day it was two-and-a-half seconds but on each 
of the two preceding days it had been three-and-a-half 
seconds. When the serum potassium rose after the resin 
was discontinued, there was no increase in myotonia. 

Although no consistent changes in other serum electro- 
lytes (sodium, chloride, bicarbonate, calcium) were 
observed, this patient, like Case 1, developed pitting 
oedema of the ankles. No other symptoms or signs 
appeared and the oedema disappeared a few days after 
discontinuing the resin. 


Case 4.—M.J., a woman aged 18, had dystrophia 
myotonica. The disease in this case was in an early 
stage and dystrophic features were slight. She showed a 
myopathic facies, weak sternomastoids, some slight 
weakness of distal limb muscles, and severe myotonia in 
the forearm muscles. During the control period before 
the resin was given the duration of the after-contraction 
varied from 22 to 28 seconds. 

During a period of 16 days on a daily dose of 60 g. of 
“resonium-A”’ the serum potassium showed a slight 
downward trend, which was partly obscured by day-to- 
day variations (Fig. 1d). During the first three days of 
treatment the average reading was 4-0 mEq./1. and during 
the last three days it was 3-4 mEq./1. During the period 
of the investigation the myotonia remained constant in 
its severity, the time taken to release either hand-grip 
on the last day of treatment being 25 seconds. 

0 significant changes occurred in other electrolytes 
an there were no side-effects. 


Y 


Case 5.—E.H., a man aged 20, had myotonia 
congenita. The patient had been stiff since early child- 
hood and had noticed myotonia in most muscle groups, 
especially in his legs when he started walking after a rest. 
Delay in relaxation of the grip was also troublesome. 
There were no dystrophic features. 

The change in the serum potassium level while the 
patient received 60 g. of “resonium-A” daily for 16 days 
was negligible (Fig. le). On the first day of treatment 
the value was 3-8 mEq./1. and on the sixteenth day it was 
3:7 mEg./1. There was no significant change in the 
severity of the patient’s myotonia throughout. 

No other recorded biochemical changes of note 
occurred and the electrocardiogram remained normal. 
There were no side-effects. The patient noticed no benefit 
from the treatment and was not prepared to remain long 
enough in hospital for larger doses of resin to be given. 


Case 6.—M.H., a woman aged 17, had myotonia 
congenita. Stiffness in many muscle groups had been 
noticed since early childhood. The most troublesome 
symptom was the stiffness in the legs, but myotonia in 
the forearm muscles was also severe. The muscles were 
generally bulky, but there were no dystrophic features. 

On a daily dosage of 60 g. of “resonium-A”’ the 
patient’s serum potassium level fell from 4:2 mEq./1. 
before treatment to 2-4 mEq./1. after 17 days. The 
duration of the myotonic after-discharge showed con- 
siderable day-to-day fluctuations but the overall trend 
was one of slight improvement (Fig. If). The average 
figure for the three days immediately preceding treatment 
was 10 seconds, while the average of the last three figures 
obtained during the treatment period was just under 
eight seconds. 

The serum calcium, sodium, chloride, and bicarbonate 
did not change appreciably during treatment. There 
were no side-effects, but the patient was not aware of any 
subjective improvement in her myotonia. 


Case 7.—W.C., a man aged 39, had dystrophia 
myotonica. This patient had frontal baldness, a myo- 
pathic facies, and wasting and weakness of the sterno- 
mastoids and of distal limb muscles. There was severe 
myotonia of the forearm muscles and the electromyogram 
was typical. 

In this case treatment with “resonium-A” in a dosage 
of 60 g. daily failed to produce any appreciable lowering 
of the serum potassium. Because of our’ similar experi- 
ence with Case 5, we increased the dose steadily up to 
180 g. daily, a figure which is three times that recom- 
mended by the manufacturers. The patient was given 
90 g. for 14 days, 120 g. daily for three days, and then 
180 g. daily for a further week. There was no consistent 
change in the value of the serum potassium. For the 
first four days of the treatment period this was 4-2 mEq./1. 
and the average for the last four days of the 24-day 
period was 4:25 mEq./1. The degree of myotonia, 
although showing the daily fluctuations so commonly 
seen, did not alter significantly during this time (Fig. 7). 
The duration of the after-contraction was approximately 
20 seconds throughout. The values of other serum 
electrolytes also remained unchanged and no side-effects 
were noted. 
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EFFECT OF SERUM POTASSIUM CHANGES UPON MYOTONIA 


Chlorothiazide (saluric) was then given in a further 
attempt to lower the serum potassium. The dosage 
employed was 0°5 g. b.d. for three days followed by 

1.0 g. b.d. for four days and 1-5 g. b.d. for 13 days. 
During this 20-day period the serum potassium fell 
from 4-2 mEq./1. to 3-3 mEq./1. on the last day. Once 
again the severity of the myotonia varied considerably 
fom day to day but there was no clear-cut and 
progressive improvement (Fig. 1g). 

Finally an attempt was made to produce a sharp fall 
‘in serum potassium by using insulin and glucose; 
| 50 g. of glucose was given by mouth and 20 units of 
soluble insulin were injected subcutaneously. Over the 
course of the next three hours the serum potassium fell 
from 4:1 mEq./1. to 2-5 mEq./1.; the latter was the 
lowest value we recorded in this patient. As the serum 
' potassium fell there was progressive improvement in the 
myotonia, in that the figure of 14 seconds noted at the 
beginning of the test was reduced to one of five seconds 
after three hours (Fig. 1h). However, it is difficult to 
explain why, at the two-hour stage, when the potassium 
had already fallen to 3-1 mEq./1., the duration of the 
after-discharge was measured as 20 seconds, a figure 
higher than that recorded at the beginning of the 
experiment. 


Case 8.—J.R.W., a woman aged 36, had myotonia 
paradoxa, complicated by periodic paralysis. The 
patient had experienced stiffness in many voluntary 
muscle groups for 15 years, and had noticed that this 
stiffness seemed to be made worse rather than better by 
repeated contractions. The patient herself showed no 
dystrophic features at all on full examination but she 
came from a family containing several persons with 
' typical dystrophia myotonica. 

For eight years she had suffered from episodes of severe 
weakness which recurred about once a month or rather 
more often. In each of these she would notice increasing 
weakness, especially of the proximal muscles of the limbs 
and trunk. The weakness would increase to a maximum 
over a period of five or six hours and then the patient 
would be unable to stand or to raise her arms; normal 
strength would then return gradually after a total period 
of 12 to 16 hours. These episodes of paralysis did not 
recur with any regularity of pattern and no precipitating 
cause was apparent. In particular, they were not pre- 
cipitated by cold as in paramyotonia. The patient was 
at work and was unwilling to spend a long period in 
hospital but she was visited at home when an attack was 

beginning. She was found sitting in a chair unable to 
_ move any but the muscles of respiration and deglutition 
(these latter only weakly) and the more distal muscles of 
the limbs. She was able to exert a grip of appreciable 
_ Power, though she was totally unable to lift her arms. 
Despite the weakness, myotonia of considerable degree 
_ was still present in the forearm muscles which flexed the 
fingers, and typical myotonic “‘dimpling” was present on 
' Percussion of muscles such as the deltoid which were 
Myotonic after-contraction in the fingers 
easured at 30 seconds. A specimen of blood taken 
at the time showed the serum potassium to be 1-9 mEq./1. 
After complete recovery from the attack the serum 
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potassium was at the lower end of the normal range. 
The patient has since been treated with daily doses of 
potassium chloride orally with good results as far as the 
periodic paralysis is concerned, as the attacks have 
virtually ceased. The myotonia was unaffected by this 
therapy but has been greatly improved by procaine 
amide. 
Discussion 


Discussion of a possible theoretical basis for 
the use of a potassium-absorbing resin in the treat- 
ment of myotonia must include some reference 
to the known influences of potassium upon muscle 
function. The normal ratio between intracellular 
potassium in muscle and extracellular potassium 
is probably in the neighbourhood of 158 mEq./I. : 
4:5 mEq./l. or about 35:1 (Keitel, Jones, and 
Berman, 1953). Upon this ratio must partly depend 
the value of the resting muscle membrane potential § 
and hence the resistance of this membrane to 
depolarization. Under physiological conditions, 
depolarization follows upon the arrival of an 
adequate impulse at the neuromuscular junction 
and is an essential part of the processes involved in 
musc!e contraction. If the intracellular : extra- 
cellular potassium ratio (Ki/Ke) is increased to a 
value greater than 35 the resistance of the membrane 
to depolarization is also increased, while if the ratio 
is decreased, the muscle membrane appears to be 
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more easily depolarized. Grob, Liljestrand, and 
Johns (1957) have carried out extensive clinical 
studies On potassium movement in normal subjects 
and its effect on muscle function. They used several 
methods to alter the Ki/Ke ratio and noted the 
eflect of these changes upon the ease with which 
depolarization could be produced by the intra- 
arterial injection of acetylcholine. The results 
achieved by these workers provide further evidence 
for the hypothesis that a decrease in the Ki/Ke 
ratio decreases resistance to depolarization and 
gives increased excitability, while an increase in the 
ratio has the opposite effect. 

Cumings (1939) found that muscle from patients 
with dystrophia myotonica contained considerably 
less than the normal amount of potassium. Mertens 
and Griittner (1955) reported that in their series of 
17 myotonic patients the serum potassium, although 
usually just within normal limits, was in most cases 
at the upper end of the normal range. If these 
observations are correct, then the Ki/Ke ratio in 
myotonic patients would be 158 mEgq./1. : 
>45 mEq./1., i.e., it would be decreased to con- 
siderably below the normal figure of 35. This 
decrease would be accompanied by a decreased 
resistance of the muscle cell membrane to de- 
polarization and therefore by increased excitability. 
Although it seems unlikely that this biochemical 


change could be the entire cause of the phenomenon 

of myotonia it is reasonable to suppose that it may 

play some part in the production of the symptom. 
Further evidence in support of this view is re- 


viewed in detail by Thomasen (1948). For instance, 
it has been shown that acetylcholine given by intra- 
arterial injection produces a protracted contraction 
in myotonic muscles (in myotonic goats) but not 
so readily in unaffected ones (Brown and Harvey, 
1939). Intra-arterial potassium chloride, too, will 
increase the severity of myotonia or may produce 
a contraction in denervated myotonic muscle which 
is similar to a myotonic contraction and _ after- 
contraction (Russell and Stedman, 1936; Kennedy 
and Wolf, 1937; Brown and Harvey, 1939). 
Potassium so administered would have an immediate 
effect of reducing further the Ki/Ke ratio. The well- 
known aggravating effect of cold upon myotonia is 
probably due, at least partly, to the fact that low 
temperatures cause a loss of potassium from muscle 
cells. Warmth, which improves the symptom, 
probably has the opposite effect on potassium 
movement, while calcium ions and cortisone, among 
substances which are also beneficial, lower the level 
of tie serum potassium. 

It must, however, be noted that whereas prostig- 
mine will raise the potassium content of myotonic 
muscle cells towards the normal level (Cumings, 
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1939) this drug has an adverse clinical effect upon 
myotonia. Furthermore, repeated strong contrac- 
tion of muscle results in movement of potassium out 
of the cells in normal persons (Grob ef al., 1957) 
and if this same process occurs in myotonic subjects 
it would tend to make the Ki : Ke ratio even more 
abnormal. But clinically, repeated contractions 
improve myotonia in most cases. Finally, quinine 
and procaine amide, which improve myotonia when 
administered either locally or systemically, are not 
known to alter the Ki/Ke ratio of the resting muscle. 
It seems more likely that they affect a property of 
the cell membrane itself, making the membrane 
more “stable” in some way not yet understood, and 
that although this “‘stability’’ can be affected by the 
potassium ratio across the membrane, abnormalities 
in this ratio are not the primary cause of myotonia. 
Myotonia is not seen in other clinical conditions 
in which there is a change in this ratio, and if the 
ratio is altered experimentally in normal subjects 
myotonia is not produced. 

None of the patients in this series noticed any 
subjective improvement in muscular stiffness after 
two to three weeks of intensive therapy with the 
resin. However, our objective measurements of the 
duration of the myotonic after-discharge during 
the treatment showed that in some cases there was a 
gradual though slight improvement in the myotonia 
as the serum potassium fell. For example, in Case 2 
a reduction of the serum potassium to half of its 
previous level after 16 days of treatment reduced the 
duration of the myotonic after-contraction by 
one-third. 

This same patient later received a three-week 
course of a dummy powder which was similar in 
appearance and taste to “resonium-A” and during 
this period there was no significant change in the 
myotonia. Hence we may conclude that the 
improvement produced with the active resin was 
genuine. Our original intention was to treat all 
cases with the dummy powder as well as with 
“resonium-A’’, but the latter produced so little 
effect in the majority of cases that we did not con- 
sider it necessary to use the control remedy in all cases. 

Our negative results fell into two groups. In 
one group of patients there was no significant fall 
in serum potassium while the patients received the 
recommended dose of 60 g. “resonium A” daily 
and indeed in one (Case 7) no recognizable effect 
upon serum potassium was produced with three 
times this dose. In a second group of patients, 
e.g., Cases 3 and 4, the serum potassium level was 
reduced satisfactorily but no concomitant reduction 
in myotonia occurred. The negative results in the 
second group could not be dismissed as due to 
inadequate dosage of the resin, which was also given 
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over a period long enough to produce an effect. 
These results clearly indicate that the resin is an 
ineffective remedy for myotonia. 

Additional observations worthy of comment are 
first, the experiment in which one patient (Case 7) 
who had proved particularly resistant to treatment, 
was given insulin and glucose; and secondly our 
findings in the patient (Case 8) who still showed 
clinical myotonia during an episode of periodic 
paralysis. In each of these cases it can be con- 
cluded that there was an excessive uptake of 
potassium by the muscle cells with concomitant 
reduction in the serum potassium; this would have 
the effect of altering the Ki/Ke ratio in the direction 
of hyperpolarization. By contrast, ion-exchange 
resin therapy, which produces a total body deficit of 
potassium, certainly results in a reduction of the 
serum potassium but probably reduces the intra- 
cellular potassium as well, though not perhaps to an 
equal extent (Grob et al., 1957). Hence it would 
be expected that the insulin test and the attack of 
periodic paralysis should have produced even more 
reduction of myotonia than treatment with the resin, 
had the potassium ratio been of major importance. 
Yet the insulin test produced only a doubtful 
reduction in myotonia even though the serum 
potassium fell from 4-1 to 2:5 mEq./1., while the 
other patient, though partially paralysed with a 
serum potassium of only 1-9 mEq./1., still showed 
definite clinical myotonia. Too much stress should 
not be laid on the latter observation since the nature 
of the metabolic defect in this patient has not been 
investigated fully, but nevertheless we believe that 
even this single observation is of significance. While 
the usual type of periodic paralysis in which there 
is a shift of potassium into the muscle cell might be 
expected to improve myotonia, attacks of the closely 
related condition, adynamia episodica hereditaria, 
in which potassium moves out of the muscle into the 
extracellular fluids, would be expected to produce 
a phenomenon like myotonia, if the potassium ratio 
were all-important. In fact, myotonia does not 
occur during these episodes of paralysis in patients 
with adynamia (Gamstorp, Hauge, Helweg-Larsen, 
Mjones, and Sagild, 1957). 

The principal aim of this trial was to discover 
whether ion-exchange resin therapy was of practical 
value in the management of patients disabled by 
myotonia. Our results do not confirm previous 
claims that this form of treatment is of practical 
value. Myotonia is sometimes slightly improved, 
but other therapeutic agents, and procaine amide 
in particular, are much superior for clinical use. 
It also seems justifiable to conclude that although 
others have found a consistent abnormality in the 
ratio of intracellular to extracellular potassium in 
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patients suffering from myotonia, this abnor aality 
does not appear to be the entire cause cf the 
myotonic phenomenon. 


Summary 


The results are described of a clinical trial ip 
which the effect upon myotonia of reduction in the 
serum potassium was studied. Five patients with 
dystrophia myotonica and two with myotonia 
congenita received a potassium-binding ion-exchange 
resin by mouth for periods varying from 15 to 24 
days; during treatment the serum potassium and 
the duration of the myotonic after-contraction were 
measured daily. In three cases the resin did not 
produce a satisfactory and consistent fall in the 
serum potassium and there was no improvement in 
myotonia. 

A progressive reduction in the serum potassium 
was achieved in four cases and in three this pro- 
duced slight objective reduction in myotonia, but 
only in one case was this improvement convincing, 
No patient obtained subjective benefit from the 
treatment. In one case, a rapid fall in serum 
potassium was obtained following the administra- 
tion of insulin and glucose, with only slight im- 
provement in myotonia. Myotonia persisted in 
another patient who suffered from both myotonia 
and periodic paralysis, during an episode of weakness 
in which the serum potassium fell to a very low level. 

The theoretical significance of these results is 
discussed. It is concluded that potassium-absorbing 
ion-exchange resins are of no practical value in the 
treatment of myotonia; the results of this trial do 
not suggest that the ratio of intracellular to extra- 
cellular potassium in muscle is of primary importance 
in the production of the myotonic phenomenon. 


We wish to thank Bayer Products, Limited, for making 
available the “‘resonium-A” which was utilized in this 
trial. We are also grateful to Miss M. Mustart, of the 
Department of Photography, King’s College, who 
prepared the diagrams. 
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STUDIES ON INTERMEDIATE CARBOHYDRATE METABOLISM 
IN MULTIPLE SCLEROSIS 


BY 


B. McARDLE,* I. C. K. MACKENZIE, and G. R. WEBSTER 
From the Department of Chemical Pathology and of Neurology, Guy’s Hospital Medical School, London 


The possibility of a defect in pyruvate metabolism 
in multiple sclerosis was first investigated in detail 
by Jones, Jones, and Bunch (1950). These workers 
found that the mean fasting blood pyruvate level of 
40 patients with multiple sclerosis in relapse was 
significantly greater than that of 30 control subjects 
and that there was also in these patients a rather 
greater rise after the ingestion of glucose. A group 
of 38 patients in remission showed only a slight 
elevation of the fasting blood pyruvate and a normal 
response to glucose ingestion. Ervenich (1952, 
1953) and Sercl and Johnova (1956) also reported 
that the fasting pyruvate level was frequently raised 
in this disease, but Bauer (1956), Henneman, 
Altschule, Goncz, and Alexander (1954) and Jeanes 
and Cumings (1958) either found the fasting level 
normal, or raised in only a small proportion of 
cases. After glucose ingestion, however, Jeanes and 
Cumings (1958) found an abnormal rise in the 
blood pyruvate level in 15 of their 26 active and in 
two of their seven inactive cases. 

These reports suggest the possibility of an 
abnormality of pyruvate degradation in multiple 
sclerosis and some further evidence for this is 
provided by the studies of two other acids of the 
Krebs cycle, though here too there is a further 
conflict of findings. Henneman et al. (1954) and 
Bauer (1956), the only workers to employ specific 
methods for the determination of pyruvate, both 
found the fasting pyruvates abnormal, but the 
former found the mean fasting level for a-keto- 
glutarate raised, the latter within the normal range. 
Only a small number of patients, however, were 
investigated. Henneman et al. (1954) also found in 
their six cases of active multiple sclerosis a rise in the 
plasma citrate level following glucose ingestion 
instead of the usual fall. A rise was also observed 
by Jeanes and Cumings (1958) at some point af:er 
glucose was ingested in nine out of 14 cases. 

lt is clear therefore that there is a considerable 
divergence of view as to the presence, the nature, 
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and the significance of a defect of the Krebs cycle 
in this disease. In view of the importance of 
oxidative metabolism as the main source of energy 
both in the normal activity of nervous tissue and in 
the maintenance of the myelin sheath, a further 
investigation of these points seemed indicated. 
Forty-one patients with multiple sclerosis have 
therefore been studied and in 17 of these specific 
methods for the estimation of «-keto acids have been 
employed. 


Experimental Details 

Clinical Material.—Forty-one patients with multiple 
sclerosis were investigated. Sixteen were male and 
25 female, their ages ranging from 19 to 60 with a mean 
of 38-4 years, and the duration since the first clinically 
recognizable episode ranging from six weeks to 26 years 
with a mean of 7:2 years. They were all fully investigated 
in hospital and have been followed for a sufficient length 
of time to establish the diagnosis beyond reasonable 
doubt. Cases with fever or infection were not included. 


Methods.—The response of the blood pyruvate and 
a-ketoglutarate and of the plasma citrate to the ingestion 
of glucose has been carried out by a procedure pre- 
viously described by Joiner, McArdle, and Thompson 
(1950). In the majority of patients, this procedure, which 
will be referred to henceforth as a “pyruvate tolerance 
test’, was carried out after the patients had been in 
hospital for three or more days. In the other cases and 
in the healthy control subjects the initial blood sample 
was not taken until the subject had been resting on a 
couch for 30 to 40 minutes. 

Venous blood samples were taken rapidly with the 
minimum of stasis and with particular care to avoid any 
activity of the forearm or hand muscles for some minutes 
before the venepuncture. A proportion of the blood was 
immediately deproteinized in 5% metaphosphoric acid, 
the actual amount being later measured by weighing. 
The remainder of the blood was heparinized, the plasma 
separated after centrifugation, deproteinized with 10% 
trichloracetic acid and the filtrate kept in a refrigerator, 
the citric acid in it being determined within one or two 
days. The a-keto acid estimations were started imme- 
diately. Cerebrospinal fluid was collected in a tube and 
immediately decanted into metaphosphoric acid. 
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Pyruvate in blood was determined by the method of 
Friedemann and Haugen (1943) in all instances. In 
addition, a paper chromatographic technique (McArdle, 
1957) has been used in some patients for estimating the 
levels of pyruvate and a-ketoglutarate in blood and 
cerebrospinal fluid. Plasma citrate was measured by a 
modification (McArdle, 1955) of the method of Weil- 
Malherbe and Bone (1949). 


Results 


Pyruvate Metabolism.—The blood pyruvate, as 
estimated by the Friedemann and Haugen (1943) 
technique, has been followed in 41 cases of multiple 
sclerosis and in 20 normal subjects. The mean 
levels are presented in Table I, but only the results 
of the first test are included where more than one 
test was performed on any one patient. 

When the levels in the patients are compared with 
the control values at comparable times, a significant 
difference was found only at 90 min. Although the 
value at 60 min. was almost identical with that at 
90 min., the difference between patients and controls 
at 60 min. was not significant owing to wide scatter. 

Only five patients (12%) had abnormally high 
fasting values, that is, greater than the mean 
+ 28.D. of the 20 control subjects, but 18 (44%) 
had abnormal values at 60 and/or 90 min. after 
glucose, though in six of these (15%) the rise was 
less than 0-1 mg. above the normal range. In eight 
(19-5 %) the abnormality was well marked, the level 
rising above 1-5 mg./100 g. If all the tests (57) are 
included the proportion of patients showing elevated 
levels rises when fasting to 24° and after glucose to 
54%, the maximum value being above 1-5 mg./100 g. 
in 24%. 

The fasting levels of those patients showing an 
abnormal response to glucose have been compared 
with those of the remainder. Those with a normal 
response had a mean fasting level of 0-58 whereas 
those with an excessive rise had a mean level of 
0-71 mg./100 g. 


Pyruvate Levels as Estimated by Paper Cromato- 
graphy.—The same abnormality in pyruvate meta- 
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bolism has been found in the 17 patients with 
multiple sclerosis whose blood has been examined by 
the chromatographic technique. The results, to. 
gether with those obtained by the Friedemann and 
Haugen technique on the same protein-free filtrates, 
are given in Table 1. Pyruvate tolerance tests had 
previously been carried out in four of these patients 
by the latter technique. Also included in this table 
are the values obtained with the chromatographic 
procedure in the group of 20 healthy subjects. 

The similarity of the response to glucose found 
by the two techniques in the patients and the contro] 
group can be seen in Table I, though the normal 
fasting value of 0-48 mg./100 g. is only 79% of that 
given by the Friedemann and Haugen method. 
This lower percentage agrees well with the figure of 
84° found by Bauer (1956) using a specific enzyme 
method for estimating blood pyruvate. The mean 
values at 60 and 90 min. after the ingestion of glucose 
are 0-74 and 0-73 mg./100 g. respectively. Values 
above the mean and 2 S.D., that is, above 0-62, 1-08, 
and 1-03 mg. pyruvic acid/100 g. at 0, 60, and 90 
min. respectively, have been taken as_ being 
significantly above the normal range. 

The mean fasting value of 0-44 mg./100 g. in the 
cases of multiple sclerosis is almost identical with 
that of the control group and in only one patient 
was the value (0-78 mg./100 g.) raised significantly 
above the upper normal limit. The mean levels at 
60 and 90 min. were 0-97 and 0-95 respectively. 
These are significantly raised above the normal 
means (P less than 0-025) and agree with the findings 
by the Friedemann and Haugen technique. In 
seven patients (41%) the 60 and/or the 90 min. 
values were above the normal range, the Friedemann 
and Haugen values also being abnormal in these 
cases but not in the others. The rise in pyruvate was 
considerably above 1-30 mg./100 g. in five of these 
seven cases. 


a-Ketoglutarate.—It can be seen from Table Il 
that there are no significant differences in the mean 
a-ketoglutarate levels between the normal control 


TABLE I 


EFFECT oF 100 g. GLUCOSE ON THE LEVELS OF BLOOD PYRUVATE IN NORMAL SUBJECTS AND PATIENTS 
WITH MULTIPLE SCLEROSIS 





Subjects 


Mean Blood Pyruvate Level (mg./ 100 g.) 





Friedmann and Haugen Normal 
Multiple sclerosis 
Normal 


Multiple sclerosis 


Method | 
| 


Chromatography 





0-88 (0-19) 
1-107 (0-304) 
0-73 (0-15) 
0-95 (0-32) 


0-91 (0-19) 
1-112 (0-525) 
0-74 (0-17) 
0-97 (0°38) 





2v. 1 | 
4v.3 | 


P valuest P 
_— 0-01 
— ‘02 0-025 





*S.D. in brackets. 


t+Probability that the differences are due to chance. 
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TABLE II 


EF!ECTS OF 100 g. GLUCOSE ON a-KETOGLUTARATE METABOLISM IN 20 NORMAL SUBJECTS AND IN PATIENTS 
WITH MULTIPLE SCLEROSIS 





— 


Mean Blood «a-Ketoglutarate (mg./160 g.) 
60 min. 

0-167 (0-062) | 

0-179 (0-075) 


0-137 (0-042) 
0-237 (0-072) 





Subjects 90 min. 


0-167 (0-06) 
0-185 (0-085) 


0-137 (0-046) 
0-254 (0-075) 


0 min. 





1 Normal 0-15 (0:044)* 
2 Multiple sclerosis 

Total 0-144 (0-048) 
0-123 (0-025) 


Group A 
0-173 (0-054) 


Group B 





P valuest 


as 0-025 
0-01 


| 2 | 
| 
| 





0-05 





*S.D. in brackets. tProbability that the differences are due to chance. 
TABLE ill 


SEX DIFFERENCES IN FASTING LEVEL OF BLOOD a-KETOGLUTARATE IN NORMAL SUBJECTS AND IN PATIENTS 
WITH MULTIPLE SCLEROSIS 





Mean Blood «-Ketoglutarate (mg./100 g.) 
| | 90 min. 





0 min. 


Subjects 








60 min. 


Normals 
Normals 
Multiple sclerosis 


Combined 


0-158 (0-05) 

0-187 (0-048) 

0-14 (0-048) 
‘206 (0-083) 


58 (0- 048) 


46 (0- 056) 
2 (0-093) 


1 
2 
3 
4 Multiple sclerosis 
5 
6 


Combined 


6v. 5 


0-1 
0-1 
0-1 
0-21 
0-153 (0-052) 
0-19 


0 
0-152 (0-052) 
0 8 (0-069) 


198 (0-069) 








P valuest 
05 0-05 0-05 





*S.D. in brackets. 


group and the multiple sclerosis patients, either in 
the fasting state or at 60 and 90 min. after ingestion 
of glucose. Furthermore, only very small elevations 
above the fasting level were found at 60 and 90 min. 
However, if the multiple sclerosis patients are sub- 
divided into two groups, group A comprising 
patients in whom there was a normal response in 
blood pyruvate level after glucose, and group B 
those in whom this response was abnormal, it can 
be seen that those who had an abnormal pyruvate 
response also had significantly raised values for 
a-ketoglutarate. When the levels in group B are 
compared with the corresponding figures for 
group A even more marked differences are found, 


tProbability that the differences are due to chance. 


since the mean fasting a-ketoglutarate level in 
group A is lower than that of the control group, 
with a normal increment after glucose. The ex- 
planation of the low fasting level in group A is 
obscure, and its interpretation is complicated by 
the finding (Table III) that the fasting level of the 
females in the control group is greater than that of 
males. This sex difference is not statistically sig- 
nificant, but a similar trend is apparent also in the 


‘patients, and if patients and control subjects are 


combined there is then a significant difference in the 
fasting levels in the two sexes. However, no sex 
differences were apparent in the control series in the 
increments in «-ketoglutarate level following glucose. 


TABLE IV 


EFFECT OF 100 g. OF GLUCOSE ON aati OF PLASMA CITRATE IN 20 NORMAL SUBJECTS AND IN PATIENTS 
WITH MULTIPLE SCLEROSIS 





Mean Plasma Citrate (mg./100 ml.) 
| 60 min. | 
2:12 (0-33) 
1-78 (0-56) 


2-01 (0-46) 
1-41 (0-53) 





Subjects 
90 min. 


1-98 (0-26) 
1-67 (0-50) 


1-89 (0-48) 
1-36 (0-35) 


| Nurnber 





0 min. 

1 Normals 2-18 (0-32)* 
2 Multiple sclerosis 

Total 1:86 (0-60) 

3 Group A 2:15 (0-53) 

4 Group B 1-45 (0-45) 





P valuest 
ioe 0-05 0-025 

0-01 0-01 0-01 

0-025 0-05 0-05 














*S.D. in brackets. tProbability that the differences are due to chance. 
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Citrate Metabolism.—The only significant ab- 
normality (Table IV) in the citrate metabolism of 
the multiple sclerosis patients is the relatively low 
value for the fasting level of plasma citrate. This 
was due to the findings in those patients with an 
abnormal rise in pyruvate after glucose (group B), 
for in these seven cases the mean fasting value was 
1-45 mg./100 ml. as compared with the normal 
value of 2:15 mg./100 ml. found in the remaining 
patients. Our patients as a whole showed a fall of 
citrate at 90 min. that was only slightly less than that 
of the control series, though the fall was least in 
those patients having an abnormal pyruvate response 
to glucose and a low fasting citrate. 


Cerebrospinal Fluid.—The «a-keto acids in the 
cerebrospinal fluid were determined by the chro- 
matographic method in 12 patients with multiple 
sclerosis. The mean level of pyruvate was 0-86 mg./ 
100 g. (range 0:65-1:22), and that of «-ketoglutarate 
was less than 0-02 mg./100 g. (range, trace-0-025). 
Comparison with normal cerebrospinal fluid has 
not been possible, but the mean level for pyruvate 
is rather lower than the 0-96 mg./100 g. (S.D. 0-25), 
found by McArdle (1957) in a group of 71 patients 
with neurological diseases. Eliminating from this 
group of seven those patients in whom a disturbance 
of pyruvate metabolism might exist, the upper limit 
of normality is probably about 1-10 mg./100 g.; a 
level above this was found on one occasion 
(1:22 mg./100 g.). 

Interpretation of the a-ketoglutarate results is 
difficult owing to the minute amount present in 
cerebrospinal fluid (McArdle, 1957) but no obvious 
abnormality was apparent. 


Correlation of the Biochemical Findings and 
Clinical State-—The importance to be attached to 
the finding of a disorder of oxidative metabolism 
will be the greater if the abnormality can be shown 
to bear a relation to the activity of the disease. 
Unfortunately the assessment of activity in multiple 
sclerosis can be extremely difficult, for the clinical 
manifestations of a plaque depend almost entirely 
on its site, and it is well known that many active 
lesions are Clinically silent. None the less the 
clinical approach is still the least unsatisfactory 
measure of activity. The results of the tests have 
therefore been grouped, depending on the interval 
between the test and the last clinical episode. The 
dates are given in Table V, A, the results of the 
abnormal pyruvate tolerance tests being subdivided 
into two groups depending on whether the highest 
pyruvate value by the method of Friedemann and 
Haugen (1943) rose above 1:5 mg./100 g. It can be 
seen that there is apparently no correlation between 
activity and an abnormal pyruvate response. 
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TABLE V 


ANALYSIS OF RESULTS IN RELATION TO THE ACiIVity 
OF THE DISEASE 





—— 


Pyruvate Tolerance Test 


Last Episode | No. of Tests 4 Abnormal 





Abnormal 


| Normal _ 
| 


| 

| 

as os sca | 

Within 4 weeks 8 1 w4 

G | Between 4-12 
- ws {weeks 8 5 2 

| None for over 12 | 
| weeks 16 6 7 
Pe eneee : - ; : 


Within 4 weeks 6 1 
Between 4-12 

weeks 7 
Over 12 weeks 7 


Group 
B oe foe a 42 
2 | 30 





The results of all the tests performed have been classified in relation 
to the apparent activity of the disease, A in all cases, B in those 
patients with little or no spasticity (see Table VI) or malnutrition 
Abnormal tests have been graded + + or + according to whether 
the maximum pyruvate was above or below 1:5 mg./100 g. 


It is well known that muscular activity can cause 
an elevation of the blood pyruvate, so it seemed 
likely that spasticity might be responsible for 
the abnormalities in the pyruvate tolerance tests, a 
hypothesis that had been previously advanced by 
Bauer (1956). The patients were therefore grouped 
according to the degree of spasticity (Table VI). 
Seven out of 19 cases (36:8°%) with moderate or 
marked spasticity had a considerable abnormality of 
pyruvate metabolism, whereas only one out of the 
22 patients with little or no spasticity showed a 
similar degree of impairment. 

An obvious possible cause for some of the abnor- 
mal pyruvate responses might be vitamin deficiency 
resulting from poor nutrition. However, there was 
no reason whatever to expect poor nutrition in these 
cases, with the exception of four patients in all of 
whom the blood pyruvate rose after glucose to 
levels well above the range of normality, the maximal 


TABLE VI 


ANALYSIS OF RESULTS IN RELATION TO DEGREE OF 
SPASTICITY 





Pyruvate Tolerance Test 


No. of Cases 


Spasticity % Abnormal 


Abnormal 
Normal ——— 


Group A 


Group B < 
ee or ++ 4 | 


} 
PNY) AHO 





*Four of these were poorly nourished. 

The results of initial tests have been classified in relation to the 
degree of spasticity present. A in all cases. B in those in whom the 
disease was apparently inactive. Abnormal tests have been gra:led 

+ + or + according to whether the maximum pyruvate was above or 
below 1-5 mg./100 g. 
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CARBOHYDRATE METABOLISM IN MULTIPLE SCLEROSIS 


levels being 2°18, 1-69, 1-59, and 1-54 mg./100 g. 
One of these patients was a woman of 51 years who 
had had a partial gastrectomy and had been living 
on a rather inadequate diet since. The other three 
patients were all afflicted with severe trigeminal 
neuralgia as a complication of multiple sclerosis and 
had all been taking a liquid diet for some months. 
In addition they all had moderate or severe spas- 
ticity, but in one case at least this is unlikely to have 
been the main cause of the pyruvate abnormality, 
since a second test, following relief of pain by a 
medullary tractotomy and a return to a normal diet, 
gave a maximum rise of 1:28 mg./100 g. as com- 
pared with the pre-operative rise to 2:18 mg./100 g. 
It was not possible to assess the effects of vitamin 
therapy alone on these patients, since immediate 
relief of their pain was clearly indicated, but further 
support for the nutritional origin of the pyruvate 
abnormality in these three cases was obtained by 
performing pyruvate tolerance tests on two cases 
of “idiopathic”’ trigeminal neuralgia; both showed 
impaired pyruvate metabolism (maximum pyruvate 
levels 1-62 and 1-87 mg./100 g.). 

It is clear therefore that the presence of spasticity 
or of malnutrition might have obscured a correla- 
tion of activity with impairment of pyruvate 
metabolism. All the tests that have been done on 
those patients with little or no spasticity and with- 
out evidence of malnutrition have been re- 
examined with this point in mind, but even though 
all the tests performed have been included, the 
numbers are too small to warrant statistical treat- 
ment (Table Vb). Nine of the 22 tests performed 
on 14 patients within three months of clinical 
activity were abnormal. There was marked im- 
pairment in five tests and it is noteworthy that these 
were all obtained on two patients. These two 
patients had serial tests performed over periods of 
four and 12 months (Table VII). Neither had 
spasticity, but during these times both experienced 
characteristic exacerbations of the disease, varying 
in severity and followed by complete or partial re- 


TABLE VII 


RESULTS OF PYRUVATE TOLERANCE TESTS PERFORMED 
DURING PHASES OF APPARENT QUIESCENCE AND 
ACTIVITY IN TWO PATIENTS WITH MULTIPLE SCLEROSIS 





Degree 
Date of Test of 
| Activity 


' Blood Pyruvate (mg./100 g.) 





60 min. | 90 min. 


1:06 0-70 
1:27 
1:36 
2-10 
1-18 


13.10.54 
19-11.54 
23.11.54 
9. 9.55 
6.10.55 





| 

| 

Slight | 
Marked | 
Marked | . . 

| Marked | , . 
| Quiescent . . 


2 | 10.12.54 | Quiescent | ; | 1-22 





‘. ae 
7% oe 
29. 3.35 


Marked 
Marked 
Quiescent 


1-48 
1-51 
1-75 





131 


missions. These results could be interpreted as 
providing suggestive evidence of an association 
between activity of the disease and impairment of 
pyruvate metabolism, but, at the other extreme, a 
test performed on a patient at the height of an 
exceptionally intense and widespread relapse was 
completely normal. 


Discussion 


The existence of an abnormality of pyruvate 
metabolism in some cases of multiple sclerosis seems 
reasonably certain, since in about half the cases 
investigated the pyruvate level has risen above the 
normal range after glucose, and the mean levels at 
60 and 90 min. have been significantly higher than 
the mean levels of healthy control subjects. These 
results largely confirm the findings of previous 
workers, though, like Henneman ef al. (1954) and 
Bauer (1956), we have been unable to demonstrate 
any significant elevation in the resting level of the 
blood pyruvate. Most previous workers have 
assumed that the abnormal rise in a-keto acids 
shown by the somewhat unspecific Friedemann and 
Haugen (1943) technique has been due to pyruvic 
acid, and although Henneman et al. (1954) used the 
chromatographic technique, the point remained un- 
certain since there was no significant difference 
between the mean increase in their four patients 
and in their normal controls. We have now shown 
that this assumption was in fact correct, since in all 
the cases showing an abnormal rise in «-keto acids, 
as judged by the simpler technique, there was also a 
parallel and equally abnormal rise in pyruvic acid. 

It has also been shown that those cases which 
showed by chromatographic methods an abnormal 
rise in pyruvate after glucose, also showed a mean 
elevation of a-ketoglutarate that is significantly 
different both from that of the normal controls and 
of the other patients. It is possible that the fasting 
level of «-ketoglutarate may also have been raised 
as had previously been reported by Henneman et al. 
(1954), but our finding that these levels are higher 
in females than in males makes the fasting levels 
difficult to evaluate. This difficulty, however, does 
not arise in the interpretation of the rise following 
glucose, since this was the same in the two sexes. 

A further significant finding in the group with 
abnormal pyruvate response has been the low fasting 
level of the plasma citrate, in contrast to the normal 
mean level in the other patients. Jeanes and 
Cumings (1958) did not find any significant differ- 
ence between the citric acid levels of their active 
and inactive cases of multiple sclerosis, but if the 
fasting values of Henneman ef al. (1954) are 
averaged a figure (1-58 mg./100 ml.) is obtained that 
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is close to that found in our group with abnormal 
pyruvate metabolism and different from the value 
of 2:34 mg./100 ml. found in their normal controls. 
On the other hand, our cases have not shown any 
significant differences as regards the behaviour of 
the plasma citrate after glucose in contradistinction 
to Henneman et al. (1954) who noted a small rise 
rather than a fall in citrate, and to Jeanes and 
Cumings (1958) who found that the citrate level 
frequently rose after the ingestion of glucose, 
although the mean level at 60 min. was unchanged 
and the mean rise at 90 min. was minimal. 

The changes in a-ketoglutarate after glucose and 
the low fasting level of the plasma citrate in those 
cases which also showed an abnormality of pyruvate 
metabolism are consistent with a partial or relative 
impairment of the very similar enzyme systems 
concerned with pyruvate and «a-ketoglutarate 
utilization. Analysis of the cases, however, suggests 
that the abnormality or abnormalities of the Krebs 
cycle that have been found in multiple sclerosis may 
arise from factors, such as spasticity and malnutri- 
tion, which are not directly related to the disease. 
There remain a few patients who, in the absence of 
obvious complicating factors, have shown impair- 
ment of pyruvate metabolism while in the active 
phase of the disease. None the less it is difficult to 
believe that the pyruvate disturbance is more than a 
complication, since intense and widespread activity 
need not be accompanied by any demonstrable 
abnormality of the Krebs cycle. 


Summary 
Pyruvate has been estimated by the Friedemann 
and Haugen (1943) method in the blood of 41 
patients with multiple sclerosis. The fasting levels 


were normal, but in 18 patients the level rose above 
the normal range following the ingestion of glucose. 

A similar abnormal rise occurred in seven out of 
20 patients in whom the pyruvate was determined 
by a chromatographic method. These seven patients 
also showed an abnormal rise in a-ketoglutarate 
after the ingestion of glucose and had low fasting 
plasma citrate levels. 

The resting level of blood a-ketoglutarate was 
higher in females than in males. 

The cerebrospinal fluid pyruvate was normal in 
12 patients with multiple sclerosis. 

The abnormalities in pyruvate metabolism were 
more closely correlated with complications such as 
spasticity and malnutrition than with activity. 

It is concluded that a disturbance of pyruvate 
metabolism is unlikely to be causally related to the 
disease. 


We are much indebted to the Medical Research 
Council for support for this investigation, to Sir Charles 
Symonds and Dr. M. J. McArdle for allowing us access 
to their patients, to Professor R. H. S. Thompson for 
helpful advice, and to Miss H. Pels for her skilled 
technical assistance. 
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THE SURGICAL APPROACH TO THORACIC INTERVERTEBRAL 
DISC PROTRUSIONS 


BY 


ALLAN HULME 


From the South Western Regional Neurosurgical Unit, Frenchay Hospital, Bristol 


A number of writers have drawn attention to the 
disappointing results of operation in cases of 
posterior thoracic intervertebral disc protrusions. 

Logue (1952) in a review of 11 cases reported 
total functional transection of the cord following 
laminectomy in five patients, all of whom were 
seriously disabled pre-operatively. Others have had 
comparable experiences, exemplified also by the 
first case in this personal series (Hawk, 1936; 
Love and Kiefer, 1950; Miiller, 1951). 

Several factors predispose to an unfavourable 
outcome. 

First, the compressive lesion lies anterior to the 
spinal cord, and is commonly median in position so 
that laminectomy provides the least favourable access. 

Secondly, the protrusion is often a hard calcified 
excrescence, and may have a bulbous extremity 
adhering tightly to the dura. All but one of the 
protrusions in the present series were of this nature; 
softer rubbery protrusions have been reported 
(Epstein, 1954) and one of this type was encountered 
in Case 6. 

Thirdly, the blood supply of the spinal cord may 
already be in jeopardy, as evidenced by an ominous 
bluish translucency where it is stretched over the 
protrusion. Any manipulation may be sufficient 
to cause a complete and permaneni interruption of 
conduction. 

Under these circumstances some surgeons have 
advised that operation should be confined to 
laminectomy and division of denticulate ligaments, 
without removal of the lesion (Miiller, 1951; Logue, 
1952). 

Following the unhappy experience with Case 1, 
Mr. G. L. Alexander suggested a trial of the lateral 
approach which is now accepted as appropriate for 
selected cases of Pott’s disease of the spine and is 
technically an extension of costotranversectomy. As 
applied to cases of tuberculous spondylitis with para- 
plegia, the operation is mentioned by Seddon (1935) 
describing a case operated on by Mr. Norman 
C»pener of Exeter and further accounts were given 
b: Alexander (1946) and by Dott (1947). 


We now have experience of six patients treated in 
this way. 


Case Reports 


Case 1.—Mrs. A. F. H., aged 40 years, had noted 
weakness and numbness of the right leg and slight 
urgency of micturition for three months. 

Examination revealed spastic weakness of the right 
lower limb, patchy cutaneous sensory loss below the 
eleventh thoracic segment on the right, and impairment 
of joint and vibration sense in both lower limbs. During 
the next eight months spasticity and weakness of the left 
lower limb developed, but there was some improvement 
on the right. Myelography was performed on two 
occasions, with negative results. The significance of 
calcification in the T9-10 disc space was unfortunately 
not appreciated. 

Repeated examinations of the cerebrospinal fluid 
revealed a mild increase in protein, but no evidence of a 
block on manometry. 

Almost a year after she was first examined, new 
symptoms presented, namely, attacks of severe burning 
and stabbing pain, first in the region of the left anterior 
superior iliac spine, and later, even more severely, in 
the right groin. These pains were unaffected by move- 
ment or by coughing. Despite this, considerable objective 
motor and sensory improvement in the lower limbs was 
noted. 

At this stage myelography was repeated, and a partial 
interruption of the flow of opaque medium was observed 
at the level of a rounded bony density at the ninth- 
tenth thoracic disc space. Review of the films now also 
clearly indicated calcification of the disc. 

Exploration through a standard laminectomy showed 
the spinal cord tightly stretched over an anterior pro- 
trusion and a slight bluish discoloration at the predicted 
level. The operation note states: 


“Further bone was removed laterally so as to enable 
a careful exploration to be made both intrathecally 
and extrathecally anterior to the cord, where a pro- 
jecting bony knob was palpable. An attempt was 
made to remove this . . .: it was found, however, 
that the summit of the protrusion was adherent to the 
anterior surface of the theca and could not be removed 
without producing serious disturbance and traction 
on the cord. This portion therefore had to be left 
cv ee. 


A flaccid paraplegia with sensory loss up to the tenth 
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thoracic segment was evident after this operation. The 
fact that spasticity and extensor plantar responses failed 
to develop encouraged the hope that functional transec- 
tion might be incomplete, and some recovery of con- 
duction still possible. Accordingly a further operation, 
using the lateral approach, was performed two months 
after the first. 

In contrast to the previous experience, it was now 
found that the bony protrusion, together with the 
adherent portion of dura, could be removed easily 
without any additional disturbance to the cord. Un- 
fortunately there was no improvement in function, and 
the patient remains paraplegic. 


This case history is presented in some detail 
because it shows a number of features commonly 
found in these cases. The variability in the neuro- 
logical condition, the hard adherent central protru- 
sion, and the absence of a spinal subarachnoid block 
are noteworthy. The disastrous consequences of 
the initial operation are all too familiar. This case 
illustrates also the importance of very careful 
myelography; only at the third attempt was a 


partial interruption of flow visualized although the 
lesion was presumably present on the previous 
occasions. 

A further five patients, whose cases are presented 


Fic. 1 


Fic. 1.—Large posterior osteophytes (Case 2). 


Fic. 2.—Myelogram showing characteristic filling defect (Case 2). 
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briefly, have since been operated on by the | itera] 
approach. 


Case 2.—Miss A. T., aged 46 years, presented with a 
history of sudden onset of pain round the right lower 
ribs one year and nine months before admission. This 
was apparently associated with a febrile illness, and a 
diagnosis of pneumonia was made. 

When she began to get up again she noticed difficulty 
in walking and numbness below the waist. Apart from 
some frequency of micturition sphincter control was not 
disturbed. 

Examination showed increased tone and extensor 
responses in both lower limbs with slight weakness on 
the right and cutaneous sensory depression up to T6-7 
segment. Lumbar manometry was normal. The 
cerebrospinal fluid contained 43 mg. protein per 100 ml, 

Radiographs showed a calcified disc at T7-8 with 
posterior osteophytes (Fig. 1), and myelography an oval 
anteriorly situated filling defect (Fig. 2). 

At operation a large disc protrusion, mainly hard, but 
with a softer apex, was removed. 

The patient recovered from the operation uneventfully, 
and three years later had no neurological abnormality 
apart from exaggerated knee jerks. 


Case 3.—Mrs. E.N.S., aged 59, presented with a 
history of numbness, a feeling of heaviness in the lower 
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Fic. 3.—Disc calcification and posterior osteophytes demonstrated 
by tomography (Case 3). 


limbs and increasing difficulty in walking for three 
months, and frequency of micturition. 

On examination she had a spastic paraparesis, more 
marked on the right, impaired cutaneous sensation below 
T9 segment, and loss of vibration sense in the lower 
limbs. 

Lumbar manometry showed only a sluggish response 
to jugular compression. The cerebrospinal fluid con- 
tained 190 mg. protein per 100 ml. 

Radiographs showed calcification of the T9-10 disc 
space, with posterior osteophytes (well shown by 
tomography in Fig. 3). Myelography revealed a block 
at T9-10. 

A large calcified disc protrusion at the anticipated 
level was removed at operation. 

The patient recovered uneventfully, and one year later 
was walking normally. Brisk tendon jerks and a dubious 
right extensor plantar response remain, but there is no 
sensory impairment. 


Case 4.—A man, aged 58 years, had a long-standing 
lower dorsal kyphosis with wedging of the T8-12 
vertebral bodies and marginal osteophytes. 

Following a heavy fall onto the buttocks one year and 
four months before admission, weakness of the legs, 
first the left and latterly the right, had begun, and 
become progressively worse. Frequency of micturition 
was also noted. 

On examination there was very marked spasticity with 
some weakness of both legs, and rather patchy sensory 
loss below T10 dermatome. 
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Lumbar manometry was free, and the cerebrospinal 
fluid contained 39 mg. protein per 100 ml. 

Myelography revealed an almost complete interrup- 
tion of flow at T11-12, with a posterior protrusion of 
the disc at this level. 

At operation it was found that the adjacent posterior 
margins of the eleventh and twelfth vertebral bodies 
formed a prominent transverse ridge, but no actual disc 
protrusion could be identified. It appeared that the 
theca and cord were rather sharply angled over the 
summit of the kyphosis. The posterior portions of 
the vertebral bodies were therefore removed, so as to 
diminish the degree of angulation, since it was thought 
that this was a major factor in causing spinal cord 
compression. 

Post-operatively this patient showed little change 
neurologically, and remains grossly disabled. 


Case 5.—Mrs. E. L., aged 55 years, complained of 
numbness and slight loss of power in the legs, gradually 
increasing over a period of five months. Clinically she 
presented a partial Brown-Sequard syndrome, with 
spastic weakness and impaired posterior column sensi- 
bility in the left lower limb, and relative hypalgesia on 
the right up to T11 dermatome. She had noted a little 
urgency of micturition. Apart from a little backache, 
she had had no pain. 

Lumbar manometry revealed no evidence of spinal 
subarachnoid block. The cerebrospinal fluid contained 
51 mg. of protein per 100 ml. 

Radiographs of the spine, including tomograms, 
showed a calcified disc protrusion at T10-11. The 
diagnosis was confirmed by myelography. 

At operation a very large protrusion, consisting of 
rather soft, partially calcified pultaceous material, was 
removed completely. 

Post-operatively there was a period of urinary retention, 
but this rapidly resolved, and at the time of discharge 
17 days after operation there was no demonstrable 
weakness of the legs, and sensory loss consisted only of 
minimal hypalgesia over the distal part of the left lower 
limb. 


Case 6.—A 3l-year-old man missed his footing and 


twisted his back while stepping off a ladder. A few days 
later, he noted pains in the lower part of the back, 
radiating down the backs of both lower limbs to the feet. 
Over the course of the next nine weeks he complained of 
increasing weakness and stiffness of the legs. At first he 
had “electric shock” sensations in the legs, but these 
were fairly rapidly replaced by numbness, beginning 
round the hips and spreading distally. ‘There were no 
biadder symptoms. 

On examination, he displayed marked spasticity of the 
lower limbs with bilateral extensor plantar responses 
and weakness of dorsiflexion of the feet. He was, how- 
ever, able to walk unaided. Sensory testing revealed 
complete analgesia and thermal anaesthesia below the 
groins, with relative sensory depression up to the tenth 
thoracic segment. 

Lumbar manometry provided evidence of a complete 
spinal subarachnoid block and myelography demon- 
strated posterior disc protrusion at T10-11. 
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Exploration by the lateral approach revealed a rather 
resilient protrusion, and a degenerate hydropic nucleus 
pulposus was evacuated from the disc space with 
resulting recession of the bulge. 

Post-operative progress was uneventful and neuro- 
logical recovery steady. The patient was able to return 
to work as an oxyacetylene welder approximately five 
weeks after operation. 


Operative Technique 


The operation is conducted under general anaes- 
thesia, using a cuffed endotracheal tube. It is 
important that the anaesthetist should be able to 
inflate the lung if the pleura should happen to be 
opened inadvertently as occasionally happens. The 
patient is placed prone, but supported so that a 
little lateral tilt away from the operator may safely 
be applied. 

A paramedian incision corresponding to the outer 
border of the paravertebral muscle mass and centred 
at the level of the suspected disc space is used. The 
approach may be from either side, and the choice will 
depend upon the presence of lateralizing features. 
If unilateral root pains figure prominently in the 
history, the protrusion is likely to be greater on that 
side, which will therefore be preferred. In the 
absence of such indication, a left-sided approach 
has been employed. 

The muscle layers are divided in the line of the 


incision until the outer border of the paravertebral 
muscles is exposed. These muscles are then re- 
flected medially to expose the posterior aspects of 
the ribs, medial to the angles, and the tips of the 


transverse processes. Muscular branches of the 
posterior intercostal arteries require attention during 
this procedure. 

The appropriate 


level is now confirmed by 


Fic. 4.—Operation sketch, illustrating the approach to the inter- 
vertebral foramen. 


ALLAN HULME 


palpation of the ribs, and portions of those 01: each 
side of the affected disc are resected. A length of 
about 5 cm. from the angle medially suffices. The 
pleura is next gently mobilized and reflected forwards 
and laterally, and the remaining portions of the 
heads and necks of the ribs are removed after 
dividing the costotransverse and capsular ligaments, 
This manoeuvre is facilitated by first nibbling away 
the tips of the corresponding transverse processes, 
The intervertebral foramen is identified by tracing 
the corresponding intercostal nerve medially, and 
its margins are defined. The foramen is enlarged by 
nibbling away portions of the pedicles until the 
lateral aspect of the theca is exposed. 

The presence of a disc protrusion is confirmed by 
careful palpation with a flat, thin instrument anterior 
to the theca. Using a high-speed surgical burr, bone 
is excavated from the posterior aspects of the 
vertebral bodies beneath the base of the protrusion: 
the object is to create a hollow into which the latter 
can be withdrawn away from the theca, thus avoid- 
ing as far as possible any distortion or retraction of 
the cord. In some cases it is possible to cut right 
across the base of the protrusion, so that it can be 
withdrawn intact; in others it is removed piecemeal. 
In a few instances, in which the summit of the 
swelling was densely adherent, it has been necessary 
to resect a small portion of dura mater along with it. 

The amount of bone removed is insufficient to 
endanger the stability of the spinal column, par- 
ticularly as the laminae and interarticular joints 
remain intact. 

The wound is closed in layers. 

If the pleura has been opened, an intercostal 
catheter is inserted and connected to a water-seal 
bottle so that air may be expelled from the pleural 
space by expansion of the lung. 





Fic. 5.—Diagram illustrating portions of bone removed (stipple‘). 
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Fic. 6.—The Desoutter high-speed grinder with surgical burr. 


The use of a very high speed burr (up to 40,000 
p.m.) greatly facilitates removing bone. This 
burr has the advantage that it does not “jump” or 
cause any detectable vibration. It can therefore be 
used with safety in close proximity to the theca. 
The instrument used is the Desoutter high-speed 
grinder driven by compressed nitrogen. The chuck 
is adapted to take a 3/32 Meisinger surgical burr. 
The tool is sterilized in dry heat at 160°C. for one 
hour. 


Discussion 


It is clear that this approach is appropriate only 
when an accurate pre-operative diagnosis has been 
established. The exposure of the theca is limited 
and inadequate for a more extensive exploration. 

Although careful radiological studies, and par- 
ticularly tomography, often reveal characteristic 
abnormalities such as calcification within the nucleus 
pulposus and posterior osteophytes, it has been 
considered essential to confirm the diagnosis and the 
level of the protrusion in every case by myelography. 
Considerable care, and sometimes repeated examina- 
tions, may be needed to obtain adequate visualiza- 
tion of the bulge when it is not causing a complete 
obstruction. 

A valid theoretical objection to the operation is 
the risk of further endangering the blood supply of 
the cord by interruption of spinal arteries accom- 
panying the intercostal nerves. An important 


radicle often enters the longitudinal anastomosis in 
the lower thoracic region, and severing this might 
imperil the blood supply to a number of segments. 
This complication has not been encountered in any 
of the cases operated upon so far; care is taken, 
however, to avoid damaging the vessels accom- 
panying the nerves. 


Summary 


An account is given of a lateral approach to 
posterior protrusions of the thoracic intervertebral 
discs. This approach has advantages over the 
standard laminectomy in allowing removal of the 
protrusion with minimal manipulation of the cord. 

Six cases in which this method was employed are 
described. 


I am greatly indebted to Mr. G. L. Alexander, surgeon 
in charge of the South Western Regional Neurosurgical 
Unit, for suggesting this method of approach to me, and 
for allowing me to include Case 6. 

I am grateful to Mr. G. Francom, of the Department 
of Anatomy, University of Bristol, for Fig. 4. 
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LUMBAR DISC PROTRUSIONS IN PREGNANCY 


BY 


J. E. A. O°CONNELL 


From St. Bartholomew’s Hospital, London 


The occurence of paralysis of a lower limb of the 
mother after labour was first described at least 
120 years ago (von Basedow, 1838). The condition 
is uncommon, Beattie (1933) reporting an incidence 
of less than 1 in 2,500 deliveries. This ‘‘maternal 
obstetrical palsy’’, as it has been named, has usually 
been considered to result from injury to the lumbo- 
sacral plexus occasioned by the foetal head or 
obstetric forceps during delivery in cases of dis- 
proportion. The hypothesis would seem to have 
sound foundations when paralysis follows a difficult 
labour and involves muscles supplied by one of the 
large nerve trunks passing through tie true pelvis. 
However, doubts as to its adequacy in a!l cases have 
been expressed since the hypothesis was first put 
forward. Thus it is recorded that paralysis may 
follow an apparently normal labour and it may 
involve the quadriceps femoris muscle of which the 
nerve of supply, having no intrapelvic course, cannot 
be injured either by foetal head or obstetric forceps. 
In 1944 I described four cases of intervertebral disc 
protrusion developing during pregnancy or the 
puerperium and associated with a lower limb weak- 
ness of greater or less severity; it was suggested on 
the basis of these cases that protrusion of a lumbar 
disc was an aetiological factor in maternal obstetric 
paralysis. The purpose of the present communica- 
tion is to review the matter in the light of subsequent 
experience. 

In Table I it will be seen that of 1,100 consecutive 


TABLE I 


SEX INCIDENCE OF LUMBAR INTERVERTEBRAL DISC 
PROTRUSION IN A SURGICALLY PROVEN SERIES OF 








1,100 CASES 
Male 753 (68-5 %) 
Female | 347 (31:5%) 

Total | 1,100 (100%) 





surgically proven and personally treated cases of 
lumbar disc protrusion, 347 were women, and an 
analysis of their case notes forms the basis of the 
observations which follow. The ages of the patients 
ranged from 16 to 60 years with the distribution in 
decades shown in Table II, over two-thirds of the 


TABLE II 
AGE RANGE OF FEMALE PATIENTS 








Age (years) | No. of Cases 
1-20 °° 1 4%) 
21-30 98 (28%) 
31-40 131 (38%) 
41-50 83 (24°?) 
51-60 21 (6%) 

Total 347: (100%) 





TABLE III 
INCIDENCE OF PREGNANCY 





No. of Cases 


One or more pregnancies 179 (S1%) 
No pregnancy 159 (46%) 
Unknown 9 (3%) 

Total Canes pee 347 (100%) 2 





group being in the child-bearing period of life. In 
Table III the incidence of pregnancy among the 
347 patients is indicated, 179, or a little more than 
half, having borne one or more children. 
Symptoms of a lumbar disc protrusion occurred 
in pregnancy in 70, that is, 39-1°% of the patients 
who had been pregnant, and in 16, or almost a 
quarter of these cases, symptoms occurred in two 
or more pregnancies (Table IV). In 53 of the 70 


TABLE IV 


FREQUENCY OF DEVELOPMENT DURING PREGNANCY 
OF SYMPTOMS OF LUMBAR DISC PROTRUSION 





1. Symptoms in one or more pregnancies: 

70 cases 

20:2 % of the total group of 347 cases 

39-1% of 179 patients who had been pregnant 
Symptoms in 2 or more pregnancies: 

16 cases 

23% of the 70 cases 
3. Associated aetiological factor: 


nN 





Pregnancy sole recognized factor : 58 cases 
Pregnancy associated with other cause : 12 cases 
70 cases 





cases no symptoms suggestive of a disc protrusion 
had been present before those arising in pregnancy; 
in the remaining 17 cases pregnancy was associated 
with a recurrence or aggravation of previous low 
back pain and/or sciatic pain. In only 12 of the 
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LUMBAR DISC PROTRUSIONS IN PREGNANCY 


10 pat:ents was there a history of a recognized back 
strain occurring before the onset of symptoms and 
frequently the relationship of the injury to the 
development of symptoms was not clearly defined. 
In Table V the distribution of pain associated 
with disc protrusions in pregnancy is shown. In 


TABLE V 


DISTRIBUTION OF PAIN ASSOCIATED WITH DISC 
PROTRUSIONS IN PREGNANCY 





A. Initial symptoms of protrusion arising in pregnancy in 53 cases 

Low back pain alone ...... 14 cases in 5 in each of two 
pregnancies 

shod ick a 9 cases in 2 in each of two 
_ Pregnancies 

J in | in each of three 

— . pregnancies 

Low back and sciatic pain 30 cases | in 5 in each of two 
pregnancies 


Sciatic pain alone 


B. Recurrence of aggravation of previously present symptoms in 
pregnancy in 17 cases 


Low back pain .......... 4 cases 
Sciatic pain added to pre- 
existing back pain .... 5 cases 


Low back and sciatic pain 8 cases 





three-fourths of the group sciatic pain occurred 
with or without low back pain in addition; in 
one-fourth the pain was confined to the low back 
during pregnancy, crural pain developing at some 
later time. In Table VI the time of the onset of 
symptoms is indicated. These arose most commonly 
during pregnancy itself (60%); in 11% they de- 
veloped during labour and in 29% during the 
puerperium. 


TABLE VI 
TIME OF ONSET OF SYMPTOMS 





Time of Onset No. of Cases 








During pregnancy } 42 

During labour 8 

During puerperium 20 
Total 70 





It is believed that these figures support the view 
that pregnancy in some way predisposes to the 
development of a lumbar disc protrusion. It is 
possible that postural stress during pregnancy and 
mechanical stress during labour may lead to injury 
of a lumbar intervertebral joint; further diminution 
of lumbar muscle tone in the puerperium may 
increase the risks of such injury from minor stress. 
A further possible factor, discussed in a previous 
paper (O’Connell, 1944), is a hormonal one. A 
secretion of the corpus luteum, relaxin, has been 
thought to be responsible for the increased mobility 
of the sacro-iliac and pubic symphyseal joints during 
pregnancy. It seems possible that this secretion 
might also induce changes in the ligamentous 
coverings of other joints, including the lumbar 
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intervertebral ones, and that such changes might 
render these joints more vulnerable to stress. 
Muscular weakness in the affected lower limb is a 
well-recognized complication of lumbar disc pro- 
trusions. At times, in spite of the presence of 
hypotonia and atrophy of the posterior crural 
muscles, there is no demonstrable paresis. More 
often a weakness of certain toe movements is 
demonstrable and in a proportion of cases a severe 
paresis or a paralysis of movement at the ankle and 
perhaps knee and hip joints occurs. In Table VII 
the incidence and severity of a defect of power in 
the whole group of 347 female patients in whom the 
presence of a lumbar disc protrusion has been 
surgically proven is shown. Such a defect was 
present to a greater or lesser extent in 69%. It 
involved movements at joints proximal to the toes 
and was moderate or severe in degree in 19% of 
the whole group. Table VII also indicates the 
frequency and severity of loss of muscular power in 
36 cases of disc protrusion occurring in pregnancy. 


TABLE VII 
INCIDENCE OF LOSS OF MUSCLE POWER 





No. of Cases 





In whole group of 347 cases 


No muscle weakness 106 (31%) 
Minimal muscle weakness 174 (50%) 
Moderate muscle weakness 54 (15%) 
Severe muscle weakness 13 (4%) 





347 (100%) 





symptoms developed in pregnancy 


No muscle weakness 5 (14%) 
Minimal muscle weakness 19 (53%) 
Moderate muscle weakness 9 (25%) 
Severe muscle weakness 3 (8%) 





Total 36 (100%) 





These 36 patients had symptoms of a protrusion 
arise in relation to pregnancy and persist to the 
time of examination; in the remaining 34 of the 70 
patients in whom symptoms of a disc injury arose in 
pregnancy, a history of such symptoms was obtained 
but spontaneous recovery took place, the patient 
being later operated upon for a recurrence of 
symptoms not associated with pregnancy. A motor 
defect was present in 86 °% of the 36 cases in question 
and involved power at proximal joints in 33%. 
These figures indicate that lower limb paresis occurs 
in association with the lumbar disc protrusions of 
pregnancy and suggest that it may be more common 
and more severe than is the case when protrusions 
occur in non-pregnant women. 

In Table VIII significant features of the case 
histories of the three patients who developed the 
most severe motor defect are set out. In each of 
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. TABLE VIII 
ANALYSIS OF RECORDS OF THREE PATIENTS WITH SEVERE DEFECT OF MUSCLE POWER 





M.W. Aged 27 Years 


D.R. Aged 32 Years — E.G. Aged 27 Years 





Onset of pain Low back and sciatic pain 2 days 
before labour 

7th day puerperium 

Paralysis: dorsiflexion foot and 
toes: eversion ankle 

Severe paresis, remaining ankle 
and toe movement 

L.5 S.1; Wt. 8-0 g. 

Pain relieved, some residual 
weakness 5 years 


Weakness first noticed 
Muscles affected 








Level of protrusion 
Result | 
t 





Sciatic: 7th day puerperium low 
back; later 

Two hours after labour 

Severe paresis: toe and ankle 
movement apart plantar flexion 

Also knee flexion, hip extension 
and abduction 


Low back: pregnancy, sciatic tic | 
» 10th day puerperium | 
| 
| 
| 


} ae paresis: all ankle and toe 
movement apart plantar flexion 
ankle 


L.4-5; Wt. 48g L.S S.1; Wt. 1-8 g. 
Pain relieved, A recovered Pain relieved, power improved 
(2 years) 





them the loss of power itself occasioned well- 
marked disability. The findings in the nine patients 
who developed a weakness, less severe than in the 
previous group, yet of considerably greater severity 
than is usually encountered in cases of lumbar disc 
protrusion, are set out in Table IX. The time of 
onset of the muscular weakness in these 12 patients 
in whom it was either severe or moderately severe is 
of interest. In the three most severely affected 


TABLE IX 


ANALYSIS OF RECORDS OF NINE PATIENTS WITH 
MODERATELY SEVERE DEFECT OF MUSCLE POWER 





Onset of pain Pregnancy in 3 cases 
Puerperium in 6 cases 
Onset of weakness Pregnancy in 3 cases 
| Puerperium in 1 case 
Not determined in 5 cases 
Movements affected Dorsiflexion ankle in 7 cases 
Eversion ankle in 6 cases 
Inversion ankle in 4 cases 


Plantar flexion ankle in 2 cases 
— ; | Toe movement in 8 cases 
evel of protrusion | et : = Average weight 3 g. 


Result | Rapid recovery of power in all cases 





patients it is known to have developed early in the 
puerperium in two and probably did also in the third 
patient. Of the nine patients with a limb weakness of 
moderate degree, three developed pain and loss of 
power in the early months of pregnancy, excision 
of the disc protrusion being followed by relief of 
symptoms and a subsequent normal labour. In the 
remaining six cases of the group pain developed 
early in the puerperium and in one of these it is 
known that paresis appeared at the same time. The 
other five were not examined until several months 
had elapsed after labour and therefore the time of 
onset of the muscular paresis remains uncertain. 
Thus in four patients the time of onset of the muscu- 
lar paresis due to an intervertebral disc protrusion in 
pregnancy was similar to that of the paresis occa- 
sioned by injury to the lumbo-sacral plexus so that 
the former cause might be overlooked and the 
disability attributed to the latter one. A further 
reason for confusion between the aetiological factors 
lies in the distribution of muscle weakness. In 


Tables VIII and IX it will be seen that the move- 
ments most commonly and most severely affected 
in this series of cases were dorsiflexion and eversion 
of the ankle joint, precisely the same as those 
reported in the literature as occurring after lumbo- 
sacral plexus injury in childbirth. 

Review of this material suggests that, contrary to 
some published opinions (King, 1950), the associa- 
tion of pregnancy and a lumbar intervertebral disc 
protrusion is not uncommon. Indeed it is believed 
that the figures lend support to the view that 
pregnancy is an aetiological factor in the develop- 
ment of lumbar disc protrusions in women. More- 
over, since such a protrusion may occur in the early 
puerperium and produce a severe lower limb paresis, 
the lesion must be regarded as an established cause 
of certain obstetric lumbo-sacral palsies. It has been 
stated that the differentiation of pareses due to 
plexus injury from those due to disc protrusions 
should present little difficulty (King, 1950). While 
this may frequently be the case, experience suggests 
that it is not invariably so. Clearly when paralysis 
and sensory loss develop with little or no associated 
pain and without spinal signs or evidence of tension 
in the roots of the sciatic nerve, the diagnosis is 
likely to be one of a plexus injury during labour. 
When, on the contrary, the neurological defect is 
associated with much pain and with well-marked 
spinal and tension signs, the diagnosis of a lumbar 
disc protrusion is the likely one. However, pain is 
recorded as having been severe in some Cases 
considered to be examples of plexus injury, and it 
is a common experience that when a lumbar disc 
protrusion causes severe nerve injury and paralysis, 
pain due to it may greatly diminish. As an illus- 
tration of the diagnostic difficulty that may arise, 
the paper of Tillman (1935) may be mentioned. 
This author gives the records of eight patients in 
whom he believed plexus injury had occurred. In 
six of these pain was a major feature and developed 
either before labour (one case) or during the first 
10 days of the puerperium. In two of the six patients 
no actual weakness is described and it appears that 
pain was the major cause of disability. Although in 
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the remaining four patients well-marked muscular 
weakness was present, pain was a persistent feature, 
and it seems possible that a disc protrusion rather 
than a plexus injury had occurred in some of the 
cases Of the series. In several personal cases no 


| firm conclusion as to the cause of the obstetric 


jumbo-sacral palsy has been reached. Among these 
was a patient who developed a clear-cut picture of a 
lumbar disc protrusion during one pregnancy, re- 
covered rapidly after delivery, and some years later 
was seen with a severe paresis of a lower limb after 
forceps delivery of another child. It is at least 
possible that the pain in one pregnancy and the 
paralysis after the other were occasioned by the 
same cause, a lumbar disc protrusion. 


Summary 


The records of 347 consecutive women with 
surgically proven lumbar intervertebral disc pro- 
trusions have been reviewed. 

Of those patients in the series who had borne one 


or more children, 39% developed symptoms of a 
disc protrusion in pregnancy or the puerperium. 
This indicates that pregnancy is an aetiological 
factor in the development of lumbar disc protrusions 
in women. 

In 12 of the 70 patients developing symptoms of a 
disc protrusion in pregnancy a lower limb paresis 
of severe or moderate degree occurred and involved 
the ankle and occasionally the knee and hip joints. 
In a quarter of these patients the paresis developed 
in the early puerperium. 

The possibility of a lumbar disc protrusion being 
responsible for a maternal obstetrical palsy should 
be considered before the defect is assumed to result 
from lumbo-sacral plexus injury. 
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THE INFLUENCE OF A VASCULAR FACTOR ON THE 
DISTRIBUTION OF SYMMETRICAL CEREBRAL CALCIFICATIONS 


BY 
R. M. NORMAN and H. URICH 


From the Burden Neuropathological Laboratory, Frenchay Hospital, Bristol 


Calcification of cerebral capillaries and smaller 
blood vessels appears to be a response on the part 
of the tissues to a wide range of pathological in- 
fluences. Various forms of encephalitis and 
endocrine anomalies, particularly hypoparathy- 
roidism, together account for the greatest number 
of cases to which a definite aetiology may be 
assigned, while familial instances, often associated 
with oligophrenia or microcephaly, are well known. 
Irrespective of aetiology and in the large group of 
cryptogenic cases, the localization of the calcifica- 
tions is singularly uniform. The putamina and 
central parts of the cerebellar hemispheres usually 
show dense deposits which by confluence often form 
“brain stones” of massive size. The globus pallidus, 
thalamus, parts of the cerebral cortex and centrum 
semiovale are also bilaterally implicated though the 
complete pattern is not always present. 

These favoured sites for calcification have been 
recognized for many years but little attention has 
been paid to their finer topographical features. In 
the present case we have been struck by the fact that 
the site of the calcifications is remarkably similar to 
that of ischaemic lesions often found in cases of 
birth injury or associated with circulatory disturb- 
ances in later life. This is particularly apparent in the 
involvement of the deeper parts of the gyral walls 
and of the boundary zones between major cortical 
arterial territories. Moreover, the distribution of 
the calcifications in the basal ganglia has much in 
common with that of status marmoratus. Our 
purpose in this paper is to develop this comparison 
more fully, for we believe that the exposure of a 
vascular factor sheds light on the pathogenesis of 
cerebral calcification. 


Case Report 


Clinical History.—J.P., a man, died at the age of 
49 years. His parents were dead at the time he came 
under supervision and nothing is known about the 
family history or his early childhood except that he 
suffered from epilepsy and had been admitted to a 
hospital at the age of 3 years for “‘paralysis of the legs’’. 


From the age of 5 years, however, he was able to attend 
an ordinary elementary school but at I1 years he was 
transferred to a special school. On leaving he worked 
as an errand boy for four years and then in a factory for 
two years until discharged for incompetence. When 
28 years old he was certified as a feeble-minded person. 
A year before his death he was transferred to Stoke Park 
Hospital for mental defectives. His mental age as 
estimated by the Terman-Merrill scale was then only 
4 years 8 months (1.Q. 30). He had preserved traces of 
verbal ability well above his apparent level at the time of 
testing and in the psychologist’s opinion he was an 
imbecile who had deteriorated considerably. The im- 
pression was given of psychosis superimposed on mental 
defect. No abnormality was found on neurological 
examination. The blood Wassermann reaction was 
negative. During the last few months of life, however, 
there ensued a rapid physical and mental deterioration. 
He developed increasing flexion rigidity of the arms and 
extension rigidity of the legs. Five months before death 
the fingers of the left hand became painful and the hand 
and forearm became swollen. X-ray examination 
showed bone absorption of the distal ends of the third 
and fourth proximal phalanges and this was regarded as 
due to a chronic infective condition. The serum calcium 
was 7:2 mg.%, serum potassium 21-2 mg.%, alkaline 
phosphatase 14-7 King-Armstrong units, plasma choles- 
terol 100 mg.%, and blood urea 38 mg.%. In the final 
stages of his illness the patient became apathetic, bed- 
ridden, and incontinent, death occurring from broncho- 
pneumonia. Three months before death he had the 
only grand mal seizure recorded during his long period 
in hospital. Tetany had never been noted. 


Examination of the Central Nervous System 

Macroscopic.—The fixed brain weighed 1,398 g., 
of which the cerebellum and brain-stem accounted 
for 142 g. The leptomeninges, vessels, and con- 
volutional pattern were normal. On dissection 
marked calcification of the tissues was found in both 
putamina where several small “‘brain stones’? were 
easily detachable from the tissues. Patchy grittiness 
was also noted in the region of the dentate nuclei, in 
the central white matter, and in the depths of gyral 
walls, particularly at the frontal poles and in the 
second frontal gyri. 
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AS Sar 


Fic. 1.—Incrustation of cortical capillaries in the second frontal 
convolution. Carbol azure x 90. 





Fic. 2.—Left cerebral hemisphere: calcium deposits are 
prominent at the base of the second frontal con- 
volution, beneath the superior limiting sulcus of the 
insula, in the caudate nucleus, putamen, and external 
segment of the pallidum. Carbol azure x 1. 


Microscopic.—Large celloidin survey sections, 
mostly of the complete hemispheres, were stained 
for nerve cells and myelin. The Holzer stain for 
fibrous neuroglia was used on de-celloidinized 
material. Similar methods were used with repre- 
sentative sections from the cerebellum, brain-stem, 
and spinal cord. 

With a few exceptions to be noted later the lesions 
found in this brain consisted in calcification of the 
smaller intracerebral blood vessels which took the 
form of pericapillary droplets often coalescing into 
a sheath-like investiture of the vessel wall (Fig. 1). 
In the more densely calcified areas, especially in the 
putamen, large numbers of palely-staining calco- 
spherites were present among the encrusted capilla- 
ries. All concrements stained bright red with the 
periodic-acid-Schiff method and a pale blue with 
Alcian blue. 

Cerebral Cortex.—Pericapillary calcification was 
found only in the walls of gyri and floors of sulci 
where the deeper layers were mainly involved. 
Large numbers of nerve cells remained between the 
calcified vessels and there was no evidence of 
atrophy, gliosis, or neuronal incrustation. In the 
frontal lobes the vessels in the basal parts of the 
second frontal gyri were calcified (Figs. 2 and 3). On 





Fic. 3.—Right cerebral hemisphere showing similar 
distribution of lesions at the level of the head of the 
caudate nucleus. The holes are due to large con- 
crements falling out. Carbol azure x 1. 
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the orbital surface the grey matter bounding the 
depths of the orbital sulcus was symmetrically 
affected in this way and near the frontal pole a 
prominent patch of calcification was also present in 
the medial part of the frontal lobe of both sides 
(Fig. 4). The cortex of the insula was normal 
except for calcifications surrounding the superior 
limiting sulcus, again an approximately symmetrical 
feature (Figs. 2 and 7). 
In the temporal lobes capillary incrustations 
selectively involved the basal parts of the middle 
temporal gyrus. The hippocampal formations were 
not affected. 
The parietal and occipital lobes were intact except 
for a patch of dense calcification in the depth of the 
left calcarine area. Here the laminar distribution of 
the lesion was striking, the granular layer being 
almost solely involved and mainly in its deeper 
parts (Fig. 5). Fic. 4.—Right frontal cortex near pole: calcifications are 
Cerebral White Matter.—Capillary incrustations ont pier apes po ocr gg 
were rare, the deposits being found in the adventitia azure < 1-6. 
or media of larger vessels, especially the veins. All 
transitions from isolated droplets to complete en- 
circlement or total obliteration of the vessels were 
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Fic. 5.—Left occipital cortex: the incrustation of capillaries has a Fic. 6.—Right cerebral hemisphere: an ill-defined area of 
laminar distribution involving the deeper parts of the granular demyelination is present in the centrum semiovale. 
layer. Carbol azure x 60, Heidenhain’s myelin stain x 1. 
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Fic. 7 


Fic. 7.—Right thalamus: the main mass of calcifications occupies 
the ventrolateral nucleus; deposits are also present in the 
putamen, caudate nucleus, and upper part of the insular cortex. 
Carbol azure x 3-5. 


Fic. 8.—Cerebellum: calcium deposits can be seen in the dentate 
nucleus, the central white matter, and the granular layer of the 
deeper parts of the folia. von Kossa’s method x 3-3. 


seen. In some vessels a broad acellular zone, 
amorphous or fibrillary in character, was interposed 
between the endothelial layer and the outer ring of 
calcium. An ill-defined, diffuse loss of myelinated 
fibres, shading off towards the periphery, was present 
in the centrum semiovale (Fig. 6). Fibrous gliosis 
was observed in the neighbourhood of heavily 
calcified vessels. 


Basal Ganglia.—The putamina were the most 
heavily calcified areas in the brain, the process 
affecting mainly the capillaries. but also the larger 
vessels. Calcospherites and larger, palely staining 
conglomerates were common in the central parts of 
the nucleus where the parenchyma was almost 
completely replaced by calcium or neuroglia. At 
some levels a narrow lateral or basal strip of normal 
tissue was preserved. The head and body of the 
caudate nucleus on each side showed dense peri- 
capillary calcifications confined to the lateral part 
adjoining the internal capsule. The external 
segment of the globus pallidus was also severely 
afi cted while in the internal segment the larger 
ve:sels rather than the capillaries were calcified and 
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Fic. 8 


numerous free concretions were present (Figs. 2, 
3, and 7). The amygdaloid nuclei were normal. In 
the posterior half of the thalami the lateral nuclei 
were conspicuously involved (Fig. 7), but numerous 
nerve cells were preserved amid the calcified vessels. 
The medial nuclei were less affected. Only the 
uncalcified centromedian nuclei were atrophic, 
evidently as a consequence of the striatal damage. 

The subthalamic and red nuclei were patchily 
calcified. 


Cerebellum.—Dense pericapillary incrustations 
were seen in the dentate nuclei, particularly in the 
dorsal and posterior parts. The white matter lying 
subjacent to the semilunar lobules and the adjoining 
quadrangular lobe, including the deeper parts of the 
gyral cores, was also the site of calcification of both 
large and small vessels. In this region the loss of 
myelin was pronounced. The capillaries of the 
granular layer of the deeper folia of the semilunar 
lobules were conspicuously affected. This distribu- 
tion of the calcifications was well demonstrated in 
von Kossa preparations (Fig. 8). Purkinje cells 
were not lost or calcified. 
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In the brain-stem the only lesions seen were 
slight losses of nerve cells in the nucleus pontis and 
inferior olives. The spinal cord, ependyma, choroid 
plexus, and meninges were unremarkable. 

Chemical analysis of a large concrement removed 
from the putamen showed an enormous pre- 
ponderance of calcium over iron (calcium 
16,800 mg. %, iron 25-5 mg. % wet basis). 


Discussion 


Cerebral calcification had not been suspected in 
this patient during life and thus no appropriate 
radiological or biochemical investigations had been 
carried out. It was, however, fortunate that on one 
occasion the serum calcium had been estimated and 
found to be reduced, since in the light of the 
subsequent findings it seemed probable that para- 
thyroid deficiency had been present. Hypopara- 
thyroidism appears to be the most frequent aetio- 
logical factor in symmetrical cerebral calcification 
of the strio-dentate type, the association having been 
found in 28% of cases of idiopathic hypoparathy- 
roidism and in 48% of cases of Albright’s pseudo- 
hypoparathyroidism (Bronsky, Kushner, Dubin, and 
Snapper, 1958). The condition is often referred to 
as “Fahr’s disease’’ (Fahr, 1930), but since many 
examples of symmetrical cerebral calcification have 
been well described from the time of Mallory (1896) 
onwards the use of this eponym has little justification 
apart from its brevity. 

Chemical and histochemical analysis of the 
concrements have shown two components. 
Calcium, not iron, is present in large amounts 
(Wachsmuth and Loéwenthal, 1952). An organic 
matrix is also invariably present, the ‘“‘pseudo 
calcium” of Spatz (1922), recently renamed 
“‘neurogel” by Bochnik (1950). This matrix, 
generally regarded as proteinous by early writers on 
the subject, has the staining reactions of an acid 
mucopolysaccharide. It has often been assumed 
that the formation of matrix precedes calcification, 
but this seems improbable in the light of Gedigk 
and Strauss’ (1954) demonstration that histiocytes 
are capable of producing a mucopolysaccharide 
matrix in response to the deposition of mineral salts. 

The important observation was made in Beyme’s 
(1945-46) case that calcium is present in the concre- 
ments in the form of hydroxyl apatite or ‘‘bone 
salt”. It thus became evident that the conjunction 
of matrix and calcium salts was not a simple one but 
involved a highly complex process of synthesis, 
presumably by mesenchymal cells, as in bone 
formation. Attention was diverted from the 
problem of altered capillary permeability and Beyme 
suggested that the vessels acted merely as con- 
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venient surfaces for the precipitation of  tissy 
colloids. We believe that this extreme viewpoint 
should be modified so as. to take into account the 
characteristic localization of the calcifications withip 
the brain, for this regional selectivity bears witness 
to a vascular factor of importance. 

The presence of calcifications in cortical boundary 
zones lying between major arterial territories cannot 
be dismissed as fortuitous, since ischaemic lesions 
of similar localization have been found in a variety 
of arterial diseases and in birth injury (Meyer, 1953: 
Norman, Urich, and McMenemey, 1957). In our 
present case the basal parts of the second frontal 
gyri were widely affected and on each side the 
calcifications implicated the orbital part of the 
frontal lobe where they lay between the fields 
of the anterior and middle cerebral arteries. In 
the temporal lobes the boundary zone between 
the middle and posterior cerebral arteries was 
also selectively involved. Calcification of the 
second frontal gyrus has been previously noted in 
other cases of symmetrical cerebral calcification 
(Beyme, 1945-46; Chavany, van Bogaert, and 
Houdart, 1949), but its significance has not been 
discussed. Even in more widely calcified brains, 
as in that illustrated by Erbsl6h and Bochnik (1958), 
this site of predilection has shown an _ evident 
accentuation of the deposits. In a familial example 
of this disorder at present under examination in this 
laboratory we have also seen calcifications occupying 
the parieto-occipital boundary zones. Finally, in 
the cerebellum of the present case the preponderance 
of calcifications in the neighbourhood of the 
horizontal fissure is suggestive of an analogous 
lesion in the terminal distributions of the superior 
and inferior cerebellar arteries. 

Calcification mainly confined to parts of the fourth 
layer of the calcarine cortex was also present in our 
case. A similar pericapillary distribution of mineral 
deposits has previously been described in general 
paresis by Lowenberg (1928) and we have seen it in 
our own material in Sturge-Weber’s disease and in 
post-encephalitic brain damage. The same layer is 
also frequently picked out by the perivascular 
plaques described by Morel and Wildi (1955). in 
certain cases of senile dementia. 

There are also striking similarities between the 
localization of the calcifications of the basal ganglia 
and the lesions of status marmoratus following birth 
injury. In the latter condition the preferential sites 
for marbling, nerve cell loss, and gliosis are the 
putamen, the outer segment of the pallidum, the 
ventro-lateral portion of the head of the caudate 
nucleus, and the lateral nucleus of the thalamus 
(Norman, 1958). 

From these comparisons certain deductions 
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appear to follow. It is evident that symmetrical 
cerebral calcification tends to occupy preferential 
sites, irrespective of the aetiological factors con- 
cerned. That this distribution may be determined 
by regional peculiarities of blood vessels is suggested 
by the finding of calcified capillaries occupying the 
boundary zones between major arterial territories. 
Boundary zone lesions have hitherto been regarded 
as a characteristic consequence of a diminished 
arterial blood flow, whether due to obliterative 
disease or a fall in systemic pressure. In the type of 
cerebral calcification under consideration the large 
arteries are not narrowed by mineral deposits or 
degenerative changes and it would seem that the 


' capillaries of the boundary zones are primarily 


affected. The theory that regional vascular pecu- 
liarities are responsible for the localization of the 
calcifying lesions derives further support from the 
laminar distribution of the calcifications in the visual 
cortex and from the topography of the lesions in the 
basal ganglia. It is generally admitted that vascular 
factors play a part in the pathogenesis of status 
marmoratus and the occurrence of lesions of almost 
identical distribution in an otherwise dissimilar 
condition suggests the presence of a local factor 
common to both. 

This vascular factor is doubtless only one link in 
the chain of complex reactions underlying the pro- 
cess of cerebral calcification and it is tempting to 
equate it with an enhanced capillary permeability. 
Léwenthal (1948), who was among. the first to 
recognize the association of hypoparathyroidism 
with symmetrical cerebral calcification, concluded 
that one feature of the deranged metabolism might 
be the facilitated passage of calcium salts into the 
perivascular tissues. Some experimental support 
has been given to this theory by the work of Stern, 
Belkina, and Zlatowierow (1928) who demonstrated 
changes in the blood-brain barrier in conditions of 
parathyroid deficiency. Altered capillary per- 
meability may thus provide a link between the two 
main aetiological factors which have been established 
in states of cerebral calcification, namely, endocrine 
disturbances and infections of the nervous system. 
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Summary 


A man aged 49 years at death had shown signs 
of slowly progressive mental deterioration since the 
age of 11. During the last few months of life this 
was accompanied by increasing muscular rigidity. 
Examination of the brain showed calcification of the 
capillaries and smaller blood vessels bilaterally in the 
corpus striatum, thalamus, the region of the dentate 
nucleus, and in parts of the cerebral cortex. In the 
cerebral cortex only the deeper parts of certain gyri 
were affected and there was a strikingly symmetrical 
involvement of the boundary zones between fields 
of supply of major arteries. This distribution of the 
calcified vessels closely resembles that of ischaemic 
lesions sometimes found as a consequence of cerebral 
circulatory disturbances caused by birth injury, 
cardiac arrest, or arterial disease. It is considered 
that a vascular factor, possibly a peculiarity of 
capillary permeability, may be responsible for the 
localization of the lesions both in symmetrical 
cerebral calcifications and in these otherwise 
unrelated conditions. 


We are greatly indebted to Mr. A. H. Tingey for his 
chemical findings and to Dr. W. A. Heaton-Ward for 
the use of the clinical notes in this case. This work was 
carried out with the help of the Nuffield Foundation. 
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ASCENDING NERVE ROOTS 
BY 


J. D. REID 
From the Pathology Department, Wellington Hospital, Wellington, New Zealand 


The usual anatomical description of the course of 
the nerve roots is that they run transversely or 
slightly downwards in the neck, with increasing 
downward obliquity in the thoracic and lumbar 
regions. Three consecutive necropsy examinations 
of the spinal cord, however, unexpectedly showed 
that many roots might in fact run cephalically 
(Fig. 1). This paper extends and modifies a previous 
report (Reid, 1958) and records the direction of roots 
as found in 80 dissections in subjects 5 years of age 
and over. Evidence is presented to show that 
ascending roots may be radiologically demonstrable. 
The effects and significance of the anomaly are 
discussed. 


Terminology 


In this paper the individual filaments as they arise 
from the cord are termed “rootlets”. From the 
points where they join to form bundles and evaginate 
the dura mater, they are called “‘roots’’, qualified if 
necessary by the description dorsal and ventral. 
From their points of fusion distal to the ganglia they 
are termed “nerves”. Root pouches are the small 
funnels leading from the cord dura to the root 
sheaths. The term “cord dura’”’ refers to the sheath 
around the cord as opposed to its extension around 
the roots or root sheaths. A segment of cord dura is 
its length from root to root, measured from the 
inferior border of roots at their origin from the 
cord dura. 


.oMlaterials and Methods 


Subjects were routine necropsy cases in a general hos- 
pital. With the exception of one Maori and one Hindu 
all were of European racial extraction. Some selection 
was exercised in that all available neurological cases with 
cord involvement and all young adults were included, 
while the very young and cases of gross spinal deformity 
were excluded. In older cases, dissections were made at 
random as time and circumstance permitted. Of the 80 
subjects, 45 were males. After completion of the 
ordinary necropsy the subject was placed prone with the 
head over the end of the table. Muscles were dissected 
off the spines and laminae; the spines were removed as a 
preliminary operation to enable access by the vibratory 
saw which was then run up and down a short distance 
lateral to the base of the spines. Care was taken to 
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Fic. 1.—Case 64: Ascending roots, C8-T9. 


prevent the blade slipping deeply into the canal and in 
most cases injury to roots was avoided or was minimal. 
Caudally, dissection extended at least to L4; in the neck 
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SEX AND AGE DISTRIBUTION OF CASES WITH NORMAL AS OPPOSED TO TRANSVERSE OR ASCENDING COURSE 
OF NERVE ROOTS 





—_— 

















Males Females | Both Sexes 
Age Group Total Cases Males Females | Ascending | Ascending | Ascending 
(years) | | Descending or | Descending or | Descending or 
| } Transverse | | Transverse Transverse 
— 10 6 4 4 2 . F 4 7 (70%) 3 (30%) 
16-25 9 6 3 3 3 2 | 1 5 (55-5 %) 4 (445%) 
6-35 9 4 5 1 3 0 5 1 (11%) 8 (89%) 
36-45 13 11 2 2 9 0 2 2 (15%) 11 (85%) 
46-55 13 4 9 2 2 1 | 8 3 (23%) 10 (77%) 
56-65 12 7 5 2 5 0 5 2 (17%) 10 (83 %) 
66-75 8 6 2 1 5 1 | 1 2 (25%) 6 (75%) 
76 and over 6 2 4 0 2 1 3 1 (166%) 5 (83-4% 
foals | 80 46 34 x. |. = 8 26 | 23(287%) | 57 (712%) 








the upper two nerve roots were not usually examined, 
but all lower ones were exposed. Roots were identified 
from the first thoracic, which was usually clearly recog- 
nizable as the lowest of large size arising from the cervical 
enlargement. Generally, T12 was also identified, from 
its relation to the last rib. Twelve cases had neurological 
abnormalities related to the spinal cord. Five were 
examples of motor neurone disease, four of disseminated 
sclerosis, and one each of neuromyelitis optica, syringo- 
myelia, and.subacute combined degeneration. Bony 
abnormalities other than spondylotic changes were 
present in six cases. In Case 23 the disc space between 
T11 and 12 was lost and spines had been fused surgically. 
Secondary carcinoma was present in Case 14 without 
collapse and in Case 32 with partial collapse of Ll. 
Fusion of posterior intervertebral lumbar joints was 
present in Case 12 and in Case 25 the entire thoracic and 
lumbar spine appeared fixed. In Case 74, together with 
platybasia and a defect in the posterior atlas, there was 
an unusually large foramen magnum. 

The sex and age distribution of subjects examined is 
included in Table I. 


Position of Head 


In all dissections, before making observations on 
the direction of roots, the head was carefully 
adjusted to a position considered to represent that 
of normal erect posture. The importance of this 
lay in the up-and-down movements of roots and 
marked changes in their direction induced by 
fiexion-extension movements of the head and 
spine. In some instances, and particularly in 
children, the lower cervical roots. could readily be 
made to run cephalically or caudally with small 
changes in position of the head. In the newborn 
and in infants, difficulties in deciding what was 
normal posture and consequently what was a proper 
description of the course of cervical roots, were so 
great that children below the age of 5 years were 
excluded from this series. As a further consequence 
it seemed unjustifiable to attempt measurement of 
anvles formed between roots and cord dura, and 
nc’e was therefore made only of roots running 
tr’ asversely or cephalically as opposed to the 





accepted normal caudal direction. It is realized that 
other observers might have adopted slightly different 
positions of the head as normal; any error by com- 
parison with anatomical drawings of the erect spine 
was in the direction of insufficient extension. Since 
extension tends to increase the number of ascending 
roots, it is felt that abnormalities are conservatively 
recorded. 


Results 


The number of cases with any ascending or 
transversely directed roots as opposed to those with 
descending roots at all points is shown in Table I. 
Only 29% of all cases conformed to normal descrip- 
tion, while 71% showed an “anomalous” direction 
in some section of the spine. Relation to sex and 
age is also shown. A sharp difference is apparent 
between those cases below and those over the age of 
25 years. Whereas 63% of the former showed 
descending roots at all points, only 18% of the 
latter did so. The proportion of cases affected 
reached its maximum between the ages of 26 and 
35 years. In the majority of the younger age group 
the cervical roots ran very slightly downwards, 
somewhat more so in the lower neck, with in- 
creasing downward obliquity in the thoracic and 
lumbar regions. 

The number of segments of dura with ascending 
roots has been plotted in relation to age in Fig. 2, 
including those where roots were affected on one 
side only, as well as the usual paired anomaly. 
Transverse roots have been marked “‘T’’. There is a 
suggestion that in old age fewer roots are involved. 
The amount of upward angulation in general con- 
formed to the extent of the anomaly; that is, when 
many roots ran upwards there was a pronounced 
degree of angulation and a more marked downward 
shift of dura. This did not apply in all cases; in 
some, many roots might appear to be running just 
above the transverse direction, or a single root might 
show marked angulation. The maximum amount 
by which origins of roots were displaced below the 
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NOS. OF SEGMENTS FiG. 2.—Extent of the anomaly in relation to age. Each point represents the nui iber 
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centres of their intervertebral foramina was 8 mm., 
measured at TS in Case 31. The situation of 
ascending and transverse roots is shown in Fig. 3. 
The most commonly affected roots were those 
from C8 to T9 (Table I). The eighth cervical nerve 
was involved in 27:5 % of cases, the seventh in 12-8 °% 


40% 


and the sixth in 10:2% of cases. In Cases 1 and 2 


1 


Fic. 3.— Situation and number of segments of dura causing ascending or transverse roots. 


AGE IN YEARS 


the uppermost limit was not determined. In Case 74 
there were ascending roots at C2, C3, and C4, 
apparently related to the condition of platybasia 
with a large foramen magnum and posterior defect 
in the atlas; roots C5 to C8 ran slightly caudally 
while Ti again was horizontal and lower roots ran 
acutely downwards. 





Transverse bars indicate transverse roots. 


Small letters indicate roots involved on one side only. Upper limits were not determined in Cases 1 and 2. 
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TABLE II 
PERCENTAGE OF ROOTS WITH ASCENDING OR TRANSVERSE DIRECTION AT DIFFERENT LEVELS 
— a -aseireivisein SEV ess. 7 8s | 9 10 11 
No. ascending or transverse | 4 | s | 10 | 22 | 33 | 42 | «1 | 4 | 4 | 36 | 28 | 2 | a7 | 9 | 1 
Percentaze | St | 102 | 128 | 275 [412 | s25 | s12| so | 50 | 4s | 35 | 30 | 22] 12| — 














Above root C8, 78 cases. C8 and below, 80 cases. 


Radiological Demonstration 


In an attempt to demonstrate the ascending 
course of nerve roots before dissection, water- 
soluble radio-opaque medium was injected into the 
lumbar space in six cadavers and radiographs were 
taken of the thoracic and cervical spine. Ascending 
roots in the thoracic region were readily shown 
radiologically with the subject supine. Con- 
siderable difficulty was experienced in demon- 
strating them in the neck, and the anterior direction 
of cervical roots and the cervical lordosis made it 
necessary to inject dye in the prone position. 
Results, however, were unsatisfactory and it was 
apparent that facilities available in the necropsy 
room were inadequate and that screening would be 
necessary. A second approach was to survey 





Fic 4.—Cervical myelogram: Male aged 18 years (head extended). 
‘linical diagnosis: probable syringomyelia (case of Dr. J. Bergin). 
Che descending rootlets can be seen, while the roots must run 
ephalically to pass through their intervertebral foramina. 





Fic. 5.—Myelogram for comparison, with descending roots. 


cervical myelograms already available in the 
Radiology Department. It seemed from examina- 
tion of these that the course of the cervical nerve 
roots could be inferred from the position of the root 
pouches in relation to the pedicles and intervertebral 
foramina (Fig. 4). Frykholm’s (1951b) observa- 
tions that the cervical roots did not show the same 
prolongation of arachnoid space as seen in lower 
roots appeared to be correct. 


Discussion 
Although ascending nerve roots were described 
by Baldwin in 1908, subsequent references to them 
are few and concern their occurrence in the lower 
cervical region, as described in particular by 
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Frykholm (195la and b), with the Arnold-Chiari 
malformation (Barry, Patten, and Stewart, 1957), 
and in Pott’s disease (Seddon, 1956). 

Descriptions of the direction of cervical roots 
based on dissections of fixed excised cervical spines, 
as in most of Frykholm’s necropsy material, and in 
those of Payne and Spillane (1957), do not properly 
define their normal position since there is con- 
siderable up-and-down movement with flexion of 
head and neck. Any description must, therefore, 
be in relation to a stated posture. Further, formalin 
fixation produces dural shrinkage from each free 
end. 

Observations presented here admittedly have the 
disadvantage of being based on post-mortem 
material with consequent inability accurately to 
reproduce living posture. Nevertheless, it appears 
probable that under the circumstances of the dis- 
section, a reasonable approximation to the living 
position is achieved. If this is accepted then 
ascending roots appear to be an extremely common 
finding almost suggesting a physiological or ageing 
change in adults. 

The difference between younger and older age 
groups, as can be seen from Fig. 2, is not only one 
of incidence, but also of extent. Of the seven cases 
affected below the age of 25 years, one pair of roots 
only was involved in two subjects. In another two, 
aged 6 and 8 years, the transverse direction of roots 
probably represented a minor variation in differ- 
ential rates of growth between spine and dura and 
could not at such ages be certainly regarded as 
abnormal. In a fourth case, ascending roots at 
C2, 3, 4, and 5 appeared due to the anatomical 
anomaly of platybasia and of absence of the 
posterior arch of the atlas. Only in the remaining 
two were changes extensive and really comparable 
to those in adults. However, in these pathological 
changes were present. In Case 53, a male haemo- 
philiac aged 16 years, the dura was tightly bound 
to the disc T11-12 and in Case 68 the subject, a 
male aged 18 years, had been an asthmatic since 
childhood and had a marked thoracic kyphosis. 

The incidence of ascending or transverse cervical 
roots as found here differs considerably from that 
given by Frykholm for roots C6, C7, and C8. In his 
dissections of 18 adult cervical spines (13 of which 
had been excised) the percentage of transverse 
and upwardly directed roots was 33, 39, and 69 
respectively (1951b). In his series of 30 operation 
cases, chiefly 30-60 years of age, observations on the 
direction of 44 roots are available in his Table I 
(1951la). Again, combining ascending and trans- 
verse roots, the figures for roots C6, C7, and C8 are 
73%, 83%, and 80% respectively. However, the 
position of the head is not stated. Frykholm 
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(1951b) had concluded that ventroflexion of the Pri 
neck resulted in only very slight upward movemen JB seemé 
of the dural sac, so that angulation of nerves re. & single 
mained largely unaffected and conditions in adults §% demo 
could be regarded as practically constant. Thes J previ 
conclusions cannot be accepted and possibly failure J repez 
to make allowance for movement may account for JB grou! 
some of the difference between his and the presen J corre 
findings. As previously stated, any error in the  betw 
present work in adjusting posture to normal lies §& shor 
on the side of insufficient extension with conserva. actu: 
tive results. It is further conceded that in many & In ft 
cases very little more extension would have so —% mad 
altered the direction of the lower cervical roots tha (than 
they would have been differently classified. of tk 
amo 

Cause prin 

Ascending roots are obviously only a manifesta. — app: 
tion of the fact that their origins at the cord dur —& of d 
are lower than their corresponding intervertebral J root 
foramina. Several mechanisms can be conceived & firm 
whereby such a relationship might be found in & sho 
normal erect posture. These include (a) deviation mec 
from normal differential rates of growth between adh 
spine and dura; (b) an acquired downward dis- & the 
placement of dura due to traction on, or con- cha 
traction within, its lower section; (c) a passive nur 
“fall” of dura and cord within the canal, due either apf 
to their lengthening, or to shortening of the spinal pos 
canal, or (d) an increase in length of the canal itself stri 
with a shift in position of the cord and dura. apy 
(a) As one possibility the concept of failure in ( 
differential rates of growth has been advanced by the 
Frykholm (1951b). However, the present series of pal 
cases demonstrates that the anomaly develops in 
chiefly between the ages of 25 and 40 years, whereas the 
it is known that full adult stature and maximum wi 
growth of spine are attained by the age of 24 years. th 
The proportion of cases found to have ascending Wé 
roots in young age groups was 38% and this in- be 
cluded some where recognizably pathological causes ne 
were operating as discussed above. It seems fair in 
to assume, therefore, that no greater proportion by 





could, in ages over 25 years, be due to abnormal 














developmental and growth factors. Somewhat more T 
than half of the 82% of anomalous cases in these af 
latter age groups must be acquired in nature and le 
probably very few are due solely to deviations in Pp 
differential rates of growth. C 

(b) The possibility of a downward displacement a 
of the lower end of the dural sheath has been reason- P 
ably well eliminated by establishing that in 28 an- v 


omalous cases the level of origin of the third 
lumbar nerve bore its normal relation to the inter- 
vertebral foramen when compared with 12 normal 
cases (Reid, 1958). 
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Priniary contraction of certain segments of dura 
seemed probable in some cases. Thus in Case 50 a 
single ascending root at T8 was situated above a 
demonstrably short segment of dura, as illustrated 
previously (Reid, 1958). Ordinary observation has 
repeatedly suggested that segments of dura below a 
group of ascending roots are shorter than the 
corresponding sections of spinal canal as measured 
between intervertebral foramina. However, such 
shortening could be relative or apparent only and 
actually due to a local increase in length of the canal. 
In four cases in which careful measurements were 
made (Reid, 1958), the dura was found to be shorter 
than the corresponding length of spine and in two 
of these such shortening was irregular and varied in 
amount in adjacent segments of dura, suggesting a 
primary contracture. However, no cause was 
apparent and microscopic sections of different parts 
of dura were unrevealing. The presence of ascending 
roots above the kyphus in Pott’s disease is con- 
firmatory evidence that inflammatory fibrosis and 
shortening may indeed be causal factors, and similar 
mechanisms may operate in cases where the dura is 
' adherent to protrusions from the anterior wall of 
the canal. However, in the present dissections such 

changes were found in four cases only. In quite a 
- number, the lower thoracic and lumbar dura 


| appeared rather firmly but diffusely attached to the 
posterior ligament so that it could not be readily 


stripped out of the canal. 
apparent. 

(c) With normal flexion of the head and neck, 
there is considerable stretching of the cord and dura, 
particularly between roots C2 and TI, as is shown 
in a following paper (Reid, 1960). It is conceivable 
that these segments might actually become elongated 
with repeated stresses over many years and that the 
thoracic cord and dura would be displaced down- 
wards by a passive fall. In such cases the dura might 
be expected to be slacker than normal, but this was 
not noticed in younger ages where a normal or 
increased tension was the rule. It was suggested 
by Frykholm (1951b) that a passive fall of dura and 
cord might follow degeneration of cervical discs. 
The degree to which this might be offset by other 
ageing changes such as straightening of the cervical 
lordosis cannot be calculated but it would seem 
probable that such shortening of the upper spinal 
canal might at least be a contributory factor in older 
age groups. It is less easy to accept this as the 
primary mechanism in the ages of 25 to 40 years 
when the anomaly chiefly develops. 

(/) Changes which occur in the overall length or 
in the length of different sections of the spinal canal 
at ‘lifferent ages do not appear to have been ex- 
amned in detail. As mentioned, the cervical 


The cause was not 


lordosis is said to straighten with age (Payne and 
Spillane, 1957) and a thoracic kyphosis may appear 
as early as 30-35 years (Weston, 1959). Both of 
these changes resemble flexion of the spine which 
may readily be shown to increase the length of the 
canal by its effect in augmenting tension of the cord 
and dura. However, it is not certain that ageing 
changes have the same result since they may be 
counterbalanced to some degree by degenerative 
shortening of vertebrae and discs. In early adult 
life it seems probable that with kyphosis the canal 
may undergo some lengthening. 

With such increase in length, the dura must either 
stretch or move bodily upwards. From the normal 
position of the third lumbar nerve root, in observa- 
tions already quoted, it may be accepted that the 
dura does not move cephalically and it follows that 
stretch must occur. Should this result in a local 
elongation or “give” rather than a more diffusely 
distributed stretching, then segments below will 
show a downward displacement within the canal 
and, if this is of sufficient degree, ascending roots. 
The section of dura and cord which is subject to most 
frequent and most severe stretching is that between 
roots C2 and T1 and an actual elongation here would 
not be surprising under increased tension from a 
lengthened canal. Such a hypothesis would explain 
why, in cases with ascending roots, the upper limit 
of the anomaly appears in general to lie in the lower 
cervical region. If the length of the canal were 
increased locally due to upper thoracic kyphosis, 
then the picture as generally seen (Fig. 3) would be 
adequately explained. To account for those cases 
where only mid-thoracic roots are involved, it would 
be necessary to postulate a lower thoracic kyphosis 
and a “give” in the dura just above. The first of 
these conditions is not unreasonable since radio- 
logical evidence suggests that the thoracic kyphosis 
of age may first appear in the lower rather than the 
upper thoracic spine (Weston, 1959). 

Of the possible mechanisms which have been 
discussed, it may be said in summary that develop- 
mental factors are probably by themselves an 
uncommon cause of ascending roots; that local in- 
flammatory contraction of dura has been infre- 
quently demonstrated; that passive fall of the 
dura and cord from degeneration of the cervical 
spine seems unlikely in the age group at which the 
anomaly chiefly appears; and that the frequency 
of the condition in young adults suggests some 
postural alteration rather than gross pathological 
change. 

In any one case, more than one factor may be 
operating, but of such the most frequent may well 
be changes in length of the spinal canal with local 
elongation of the dura and cord and a downward 
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shift of their positions 
relative to the interver- 
tebral foramina. 


Effects 

The great majority of 
cases in this series was 
neurologically normal, as 
ordinarily understood, and 
ascending roots did not 
appear by themselves to 
have caused symptoms 
or pathological changes. 
Nevertheless it seems 
probable that by their 
altered position and closer 
apposition to the inferior 
bony margins of the 
foramina they may be 
liable to damage, partic- 
ularly in the lower cervical 
region where movements 
are considerable and pro- 
trusions into the foramina 
or within the canal are 
not infrequent. The down- 
ward pull on nerves from 
a drooping shoulder girdle 
(Allen, 1952) would be 
more than usually likely 
to do harm, since roots 
would tend to be pulled 
up and over the rims of 
their foramina. Symptoms 
similar to those of 
cervical spondylitis might 
result, as Frykholm 
(1951b) has suggested in 
his discussion of root 
sleeve fibrosis. In the 
thoracic region ascending 
roots have the same direc- 
tion as the nerves running 
upwards beneath the ribs, 
and do not turn down over the pedicles as do 
those entering the brachial plexus (Fig. 6). Further, 
lateral movements do not occur. Nevertheless a 
predisposition to radiculitis may remain and this 
may be of some significance in the aetiology of 
fibrositis. 

Ascending cervical roots might also imperil 
the blood supply to the cord. In this region, only 
one major arterial contribution is made to the 
anterior spinal artery along any one of the roots 
C6 to C8 (Woollam and Millen, 1958) and should 
this root be in contact with its bony pedicle, then 





Fic. 6.—Case 59: To show the different course of cervical 
as opposed to thoracic roots and nerves. C8 is hooked 
over the pedicle forming the lower margin of the fora- 
men. 
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the artery might conceiy. 
ably undergo interinitten 
compression Or spusm or 
even thrombosis. x. 
tensive cord changes could 
result. 

It is also possible that 
the mechanisms which re. 
sult in an upward direction 
of roots may themselves 
be responsible for damage 
to the cord, of which 
ascending roots may be, 
as it were, an indicator, 
The cord and its dural 
sheath are attached by the 
ligamenta denticulata and 
move together in an 
up-and-down direction. It 
can be inferred, therefore, 
that if the dura has been 
displaced downwards, so 
has the cord. If such 
displacement has been 
facilitated by shortening 
of the upper spinal canal, 
no abnormal stresses need 
have occurred, but if the 
upper dura _ has been 
abnormally stretched and 
increased in its actual 
length, then it would seem 
that the cord has also been 
stretched and _ possibly 
made more vulnerable to 
compression or intrinsic 
disease processes. The 
first case in which ascend- 
ing roots were noted 
was a woman of 48 years 
with a clinical diagnosis 
of amyotrophic lateral 
sclerosis, who was noticed 
to have a marked thoracic 
kyphosis, whose dura was unusually tight and was 
adherent to the posterior common ligament in the 
lumbar region, and whose cord (after fixation) was 
found to show indentations corresponding to 
small osteophytic and disc protrusions. These in- 
dentations, as shown by Payne and Spillane (1957), 
may well have been artefactual and not present in 
life. | Nevertheless, the possibility remains that 
the increased tension of the cord and dura may 
have been a factor in the development of patho- 
logical changes. 

A proper evaluation of the role of ascending roots 
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in the production of neurological signs and 
symptoms will require clinical, radiological, and 
pathological correlation, taking into consideration 
other factors at present held to be major causes 
of pathological change. 


Summary 


The direction of nerve roots has been investigated 
inaseries of 80 dissections in subjects over the age of 
5 years, with a standardized position of the head 
relative to the trunk. Under these conditions 
ascending roots have been found in 71% of all 
subjects, with a significantly lesser incidence (38%) 
in those below the age of 25 years than in those 
older (82%). The anomaly appears to develop in 
early adult life, chiefly between the ages of 26 and 
35 years and does not increase in frequency in older 
groups. In extent it is maximal between 40 and 60 
years of age. The upper and mid-thoracic regions 
are most often affected. The cause is uncertain and 
multiple factors are probably involved, differing 
with different age groups. Adjustments in position 
of the dura and cord due to alterations of spinal 
curvature and length of spinal canal are probably 
most commonly responsible. Inflammatory fibrosis 
and adhesions with localized dural contraction may 
be factors in some cases, while others may be the 
result of a deviation from normal differential rates 
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of growth between the dura and the spine. The 
possible effects of an ascending direction of roots 
are discussed, particularly in terms of direct damage 
to cervical roots or indirect damage to the cervical 
cord by interference with the radicular contribution 
to the anterior spinal artery. In some circumstances 
the upward direction of roots may be an indication 
of abnormal stretching of the dura and cord, making 
the latter unduly susceptible to pathological 
processes. 
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ABNORMALITY OF THE BLOOD-CEREBROSPINAL FLUID 
BARRIER OF PATIENTS SUFFERING FROM A 
DEPRESSIVE ILLNESS 


BY 


A. J. COPPEN 


From the Institute of Psychiatry, Maudsley Hospital, London 


The concept of the blood-brain and _ blood- 
cerebrospinal fluid barrier is based on numerous 
observations that many substances pass from the 
blood into the central nervous system very much 
more slowly than they do into other organs. At 
first these observations were ‘concerned with 
“foreign”’ substances such as vital dyes but more 
recently, with the use of radioactive isotopes, 
physiologically important ions and molecules have 
been shown to be influenced by a similar “barrier” 
effect in their rate of entry into the nervous system. 
It is probable that these “barriers’’ represent 
mechanisms for ensuring the stability of the internal 
environment in which neurons function and that 
they are in consequence of the greatest importance 
for the normal functioning of the central nervous 
system. 

There have therefore been many investigations of 
the blood-cerebrospinal fluid barrier in patients 
suffering from nervous and mental disease. These 
have been mostly by means of the Walter (1929) 
bromide ratio test, which measures the steady-state 
distribution ratio of bromide between blood and 
cerebrospinal fluid after the administration of 
sodium bromide. This test, however, for various 
reasons has not been found to be satisfactory 
(Coppen, 1959) and, as Davson (1956) shows, 
permeability of this barrier is best determined by 
measuring the rate of entry of a substance from the 
blood into the cerebrospinal fluid rather than by 
measuring the steady-state distribution ratio. 

I report in the present paper an investigation 
into the blood-cerebrospinal fluid barrier of mental 
patients as measured by the rate of entry into the 
cerebrospinal fluid of 24Na and also, in some of the 
patients, tritiated water. 


The Investigation 
Five groups of patients were tested, the purpose and 
the nature of the test having been explained to them. 
The control group consisted of 12 patients who were 
given a spinal anaesthetic for abdominal operations, 


either for peptic ulcer or carcinoma of the bowel. Only 
patients in whom the diagnosis appeared: unequivocal 
were selected for testing and the diagnostic criteria used 
followed those described y Mayer-Gross, Slater, and 
Roth (1954) in their textbook of psychiatry. Nineteen 
schizophrenic patients were tested, 12 of whom had been 
in hospital under a year and are described as acute 
schizophrenia; the remainder had been in hospital for 
at least five years and are described as chronic schizo- 
phrenia. Three groups of depressed patients were tested, 
namely, 20 patients who were tested before treatment: 
10 patients who had been depressed but had recovered or 
substantially improved; 11 patients who were still 
depressed in spite of being treated with at least five 
electrically-induced convulsions, the last treatment being 
within a fortnight of the test. 

No patient had received physical treatment within six 
months or tranquillizing drugs within three months of the 
test unless otherwise stated. 


The Test.—The patient under test was given 10 
microcuries **Na intravenously in the form of an isotonic 
solution of sodium chloride. Blood samples (obtained 
from the opposite arm) were then taken at the following 
minutes after the injection of **Na: five, 15, 30, 45 and 
following the lumbar puncture which was _ performed 
at 60 minutes. Ten millilitres of cerebrospinal fluid 
were removed for testing. To avoid repeated vene- 
puncture blood was obtained through an indwelling 
Gordh needle and was kept from clotting by small 
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Fic. 1.—Sodium entry in a control patient 
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amounts of heparin. A typical record is shown in 
Fig. 1. The data of Sweet, Selverstone, Soloway, and 
Stetten (1951) show that the rise in lumbar **Na con- 
centration for the first hour after its intravenous injection 
follows approximately a straight line. 
Rate of entry may be presented as a simple ratio:— 
.F. concentration of **Na (C..s.¢.) 
CSF — Seer ieee = x 100, at one hour 
Plasma concentration of **Na (Cpi) 
This expression has the disadvantage of not taking 
into account the varying blood levels of **Na during the 
interval between its administration and the lumbar 
puncture. Thus a better measure of the rate of entry will 
be given by the parameter k in the equation. 
d Ces. 
dt 


which can be computed by a graphical integration 
(Davson and Luck, 1959). The units of this transfer 
constant kj, are reciprocals of time and will be expressed 
inso many min.~! 

In some patients the entry of isotopic water containing 
tritium was measured at the same time as entry of **Na. 
Thirty minutes after the injection of **Na 0-5 millicurie 
tritiated water (0-5 ml. made up to 4 ml. with isotonic 
saline) was injected intravenously and a blood sample 
was obtained five minutes later. Otherwise the test was 
carried Out as above. Tritium entry is expressed in two 
ways: (1) Following Bering (1952) as the half time for 
cerebrospinal fluid to reach the plasma tritium con- 
centration; (2) as a transfer constant obtained as for the 
entry of **Na. 

**Na was estimated in a well-type scintillation counter 
and where necessary corrections were made for back- 
ground, decay, and resolving time. Tritium was estimated 
using a liquid scintillation counter by the method 
described by Langham, Eversole, Hayes, and Trujillo 
(1956). In the calculation of the results corrections were 
applied for the greater specific gravity of plasma. 


Kin Cpl _— Kout Cost. 


Results 
Sodium Entry.—The results are given in Tables 
I-V, both as the transfer constant k;, and to facilitate 
comparison with other work, as the ratio at one 
hour. 
TABLE I 
SODIUM ENTRY IN THE CONTROL GROUP 





Diagnosis | Sex | Age | One-hour Ratio kin (min.~») 


Carcinoma of colon 


54 


4S 00071 
0-00040 


| 000054 
0-00075 


Peptic ulcer 
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Standard deviation 
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TABLE II 
SODIUM ENTRY IN GROUP OF DEPRESSED PATIENTS 





~ 
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Diagnosis Age | One-hour Ratio |kin (min.~*) 


| 

| | 0-00028 
re | 

| 





Depression | 
| 
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Mean 








Standard deviation 





Difference from 

control group 
| Not 
| signifi- 
| cant 


<0-001 





*Cerebral thr. mbosis four years ago. Hypertension. 


TABLE III 
SODIUM ENTRY IN SCHIZOPHRENIA 





Diagnosis | One-hour Ratio Ikin (min.~') 


0-00070 
000064 








> 
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Acute schizophrenia 


Chronic schizophrenia 


TININNNNS NS NnNNNelesensS 
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wo) OC] ChAIBADADBDAOCHaWAA—AO 


Mean 





Standard deviation | 11-2 





| 
2-8) 0-22 


\<0-01| Not 
| | significant 


Difference from 
control group 





| Not 
| significant 





The results fall into two main classes. First there 
are the groups of patients who are not suffering from 
a depressive illness: these are the control and 
schizophrenic groups and the group of patients who 
have recovered from a depressive illness. These 
groups have mean transfer constants (and one-hour 
ratios) of 0-00062 (3-9%), 0-00061 (4.0%), and 
0-00062 (3-8°%) respectively. The second class of 
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TABLE IV TABLE V 


SODIUM ENTRY IN THE GROUP OF PATIENTS RECOVERED SODIUM ENTRY IN ee ck NOT RESPONDING 1p 
FROM A DEPRESSIVE ILLNESS BT. 





Diagnosis and 
Treatment 


n 
oe 
a 





Age | One-hour Ratio ki (min.-) Diagnosis _Sex | ‘Age One- hour Ratio k (min 


Depression 





0:00075 000027 
0-00082 0 00041 
0-00033 
0-00027 
0-00040 
0-00040 
0-00046 
0-00035 
0-00040 
0-00037 


0:00051 response to E.C.T. z | so , 000028 
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| ———— Depression and no 
| 
| 
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ee 
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.C. 
.C. 
‘of 


SSSSS5E7EE 
AIOSOVA—oIN 





| R"REMER"ERE 


Mean 
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| oo] 


Mean 


Standard deviation 





0:00036- 
Standard deviation ‘ 
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0:00006 
Difference from 


control group , . Difference from 
—— control group 





an 
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4:85 


significant significant Not 
significant ‘ 0-001 





TABLE VI 
RESULTS IN PATIENTS TESTED TWICE 





| | ‘s 
= | 5 | * 
= | kin (min.-') Treataent Condition One-hour 

| | 


Diagnosis on Re-test Ratio 


kin (min. 





Depression | : | . | 5 ky Unimproved , 0-00028 
Depression 1- . oe 9 Unimproved : 0-00027 
Depression | . . 3 fo 2 | Unimproved : 0-00037 
Depression . | . F ote Improved 5- 0-00098 
Depression | , . — Improved 3° 0-00051 
Depression | . : Holy | Improved ‘ 0-00028 








*Cerebral thrombosis four years ago. Hypertension. 


patients are those suffering from a depressive illness, TABLE VII 

one group before treatment the other group after TRITIUM ENTRY 

electroconvulsive therapy (E.C.T.). These two i» ___ Tritium Entry Sodium Entry 

groups have mean entry rates nearly half that of the “a a Half Time (min.) } (kin (min.”) 

other groups, namely 0-00038 (2:7 %) and 0-00036 (a) In patients with a depre ssive illness 

(2-4%) respectively. Statistical comparison shows 40 | 32 ‘014 oes 

that the two groups of depressed patients differ sig- 0-00040 

nificantly from the control group. The groups, with paver 

the exception of the schizophrenic group, show no aioe 

significant difference with respect to age. 0-00040 
Table VI shows the results on the small number — 

of patients who were re-tested. These results are in 

line with those found for the groups, that is, the standard 

patients who had improved on re-test have increased ‘¢viation | 9% ' _ ae 





kin (min.~') 


} | ENEENEESE 


= 
' oO 
© 
=] 


0-:00038 


rates of penetration in contrast to those who did not ©) In, patie ents recovere d fram a depre ssive ine ss aie 
improve and showed no appreciable change in 0-022 0-00053 


sodium entry. r- 0-022 | pda tey 
| | 02 0:00042 
Tritium Entry.—Table VII shows the results ese oaaers 
obtained in the two groups of patients who were (a — 
tested: (a) Patients suffering from a depressive Recast SR ain Oe Been ae 
illness and (5) patients who had recovered from a Standard | = : ease 
depressive illness. There is little difference between Se ae |] 
the rates of entry of tritium in the two groups, being Pncrene*| | o 
slightly less in the depressed group. The one patient 8ouP(@| P| Notsignificant | Not significant | <0-01 


who was re-tested on recovery showed a rate of entry *The same patient tested when ill and when recovered. 
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of sodium that was practically double the rate when 
he was depressed; in spite of this the rate of entry 
of tritium was substantially unchanged. 


Factors Affecting the Test 


The rate of entry of “Na varies along the neural 
axis, being highest in the ventricles and lowest in 
the lumbar region (Sweet et al., 1951). It was 
therefore important to know how much §suc- 
cessive samples of cerebrospinal fluid differed, 
for although every care was taken to collect the 
first 10 ml. it is inevitable that there was a small but 
variable loss of fluid before its collection. 

Table VIII shows the concentration of *4Na in 
successive samples of cerebrospinal fluid. The con- 
centration increases with each sample, rising steeply 
after 10 ml. However, as the initial loss never ex- 
ceeded | ml. and in most cases was considerably 
less, this factor could not be responsible for the 
considerable differences found between the groups. 


TABLE VIII 


EFFECTS OF COUGHING AND EXERCISE ON SAMPLES 
OF CEREBROSPINAL FLUID 





A Increase 
1 over 
| First Sample 


Case Sample Volume 
No. (ml.) 


| 


Counts/ 
min./ml. 


Variation of count rate with withdrawal of successive samples of C.S.F. 
A | 1 5 45 _ 
2 5 50 11 
5 60 33 
5 53 
S 
5 


5 


wn 


SDUSwWN— 


D 


| 


wn 


Effect of coughing between sample 1 and sample 2 on count rates. 
1 | 5 69 - 
2 5 75 9 


1 a 66 — 

2 72 9 

1 2 165 — 

2 7 171 4 
Effect of physical exercise on sodium entry in two depressed patients. 


Case . 
_ : : penned y These rates of entry are low. 





The effect of coughing was investigated as it was 
Suspected that violent coughing may produce 
mixing of cisternal and lumbar cerebrospinal fluid, 
thus increasing the concentration of *4Na in the 
lumbar region. However, Table VIII shows cough- 
ing between the first and second 5 ml. samples does 
6 


not affect the concentration of *4Na in the second 
sample. 

Finally the effect of exercise during the test was 
investigated as it was thought that this might also 
produce mixing of cisternal and lumbar fluid. Two 
depressed patients were got out of bed and exercised 
by walking and touching their toes on numerous 
occasions. Both subsequently were found to have 
low rates of entry (Table VIII). Although it is 
possible that unexercised they would have had still 
lower rates of entry, it is clear that the higher rates 
of entry in the non-depressed patients could not be 
explained by any possible difference in their motility 
during the test. In fact all the patients cooperated 
by lying quietly during the time of the test and in no 
way approached the exercise undergone by these two 
patients. 


Discussion 


The rate of entry of sodium in the patients not 
suffering from a depressive illness—the controls, 
the schizophrenics, and patients who had recovered 
from a depressive illness—was slightly less but 
similar to that reported by other workers. Thus 
Benda, Planiol, Tubiana, and Constans (1954) in 
15 normal adults found an average one-hour ratio 
of 6%. Bourdillon, Fischer-Williams, Smith, and 
Taylor (1957) in a series of 20 patients suffering 
from a variety of conditions not involving a pro- 
gressive disease of the nervous system found an 
average four-hour ratio of 30:1%. From the data 
of Sweet et al. (1951), who followed the concentra- 
tion of cerebrospinal fluid for four hours by 
frequent small samples, it is possible to deduce that 
the one-hour ratio of *4Na is 1/5-1/6 that of the 
four-hour ratio of Na. Thus this would give a 
one-hour ratio for the control subjects of Bourdillon 
et al. of approximately 5%. Although none of the 
control group presented a picture of severe de- 
pression it should be pointed out that patients 
immediately before a major operation, sometimes 
after weeks of illness and pain, do inevitably show 
some degree of affective disturbance, which may 
account for the slower rate of entry of “Na 
compared with that in the controls of other workers. 

It is clear that patients suffering from a depressive 
illness have a rate of entry of 74Na almost half that 
of the other patients. It appears also that this 
slowing is a reversible phenomenon as patients who 
have recovered from a depression have normal rates 
of entry. The return to normal is related to the 
clinical state, rather than to the effect of E.C.T., for 
the group of patients who received E.C.T. but 
did not recover have the same entry rates as the 
patients with an untreated depression. 





A. J. COPPEN 





BLOOD 
BLOOD- CSF. 
BARRIER 





CHOROID 


PLEXUS ae: 


CL) 


if 
ql 


EXTRACELLULAR 
FLUID 





| BLOOD-BRAIN Jf 
BARRIER 


dl 

















Fic. 2.—Possible pathways of ions into and out of cerebrospinal 
fluid from adjacent compartments of the central nervous system. 


The possible pathways of *4Na into and out of the 
cerebrospinal fluid are shown in Fig. 2. Factors 
affecting the concentration of 24Na in cerebrospinal 
fluid one hour after its intravenous injection are 
complex, depending on its concentration in adjacent 
compartments of the central nervous system and 
the ease with which it can pass across the blood- 
brain barrier into the extracellular fluid of the 
nervous system and across the blood-cerebrospinal 
fluid barrier into the fluid. *4Na can also exchange 
between the extracellular fluid and the cerebrospinal 
fluid and also from the extracellular fluid to the 
nerve cells. Probably these two latter factors do 
not greatly affect the concentration of *4Na in 
cerebrospinal fluid, as Davson (1955) and Crow 
(1955) have shown that *4Na penetrates into the 
cerebrospinal and extracellular fluid at the same 
rate and also sodium is largely an extracellular ion. 

There is good evidence that sodium penetrates 
into the lumbar cerebrospinal fluid from the blood 
at that level and does not arrive there by diffusion 
from the ventricles. Thus as Crow (1955) found in 
dogs, *4Na appeared as rapidly in the lumbar region 
after the ventricular system had been blocked as 
before. Tubiana et al. (1951) found a normal rate of 
*4Na entry in a patient with a complete spinal 
block. Selverstone (1958) found *4Na injected into 
the lateral ventricle did not appear in the lumbar 
cerebrospinal fluid for some three hours, although 
Sweet et al. (1951) found *4Na in the lumbar region 
some 20 minutes after its intravenous injection. 
It can be seen therefore that the rate of entry of 


*4Na provides a measure of a vital physiological 
function, namely, the ease with which subsiancg, 
exchange between blood and the fluids of the 
nervous system in which the nerve cells function, 

Ion transport across a membrane will depend on 
both the area and the permeability properties of the 
membrane. Thus the transfer of substances from 
the blood to nervous tissue will be influenced by 
vasomotor changes in the vascular bed as well as 
by changes in the permeability of the blood-brain 
barrier. Brierley (1952), in rabbits, found the con. 
siderable increase in penetration of **P that resulted 
from the inhalation of carbon dioxide could be 
accounted for by the increased blood flow within a 
dilated capillary bed. It was in order to obtain some 
measure of possible changes in the vascular area of 
the nervous tissue of depressed patients that the 
rate of tritium entry was measured. It has been 
shown by Bering (1952) and Sweet er a/. (1951), and 
confirmed in the present investigation, that the 
exchange of water between blood cerebrospinal 
fluid is relatively free with little or no “barrier” 
effect. Therefore vasomotor changes should be 
reflected at least as much in the rate of penetration 
of tritium, where the size of the vascular bed is 
probably the most important factor limiting the 
rate of transfer, as in the case of sodium penetration 
which is influenced both by the size of the vascular 
bed and by a marked “‘barrier”’ effect. The results 
indicate that there is no significance in the tritium 
entry rate between depressed patients and patients 
who have recovered from a depression. The decrease 
in the rate of entry of sodium in depressed patients 
must therefore be due to a decrease in the per- 
meability of the blood-cerebrospinal fluid barrier to 
sodium rather than to a decrease in the size of the 
capillary bed. 

There is no doubt that the sodium ion has the 
greatest importance as far as the electrical activity 
of nerve cells is concerned (Hodgkin, 1951). For 
example, the resting potential of a nerve cell will 
vary according to the relative concentrations of 
sodium within the cell and outside, that is, in the 
extracellular fluid. Woodbury, Timiras, and 
Vernadakis (1957) here studied the effects of altera- 
tions in the transport of sodium within the central 
nervous system. Using the electro-shock seizure 
threshold as a measure of brain excitability, they 
have shown that this varies with alterations in 
sodium transport produced by adrenocortical ster- 
oids and other substances. Indeed there are numer- 
ous normally occurring substances that may be con- 
cerned with permeability and sodium transport; 
these include histamine, 5HT, posterior pituitary 
and adrenal cortical hormones, acetylcholine, «nd 
cholinesterase. 
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Whether the changes in sodium entry are causal 
or secondary to the mental state only further 
+ experimental work can show. It is striking, however, 
that one procedure that increases the permeability 
of the blood-brain barrier, electroconvulsive therapy 
(Aird, 1958; Bjerner, Broman, and Swensson, 1944), 
is remarkably effective in improving the clinical 
state of a depressive illness. 


Summary 


The blood-cerebrospinal fluid barrier was in- 
vestigated in mental patients by measuring the rate 
of entry of 24Na from blood into cerebrospinal fluid. 
This was found to be normal in schizophrenia but 
the rate of entry was nearly half that of normal in 
patients suffering from a depressive illness. Patients 
who had recovered from a depressive illness had a 
normal rate of entry; the return to normal was 
related to clinical improvement as depressed patients 
who had received electro-convulsive treatment and 
had not improved were found to have a low rate 
of entry. 


| should like to thank Dr. H. Davson for his most 
helpful suggestions and advice during the course of this 


161 


investigation and Dr. G. F. M. Russell for his assistance 
in carrying out many of the tests. 
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Starting with Bornstein (1908), a large number of 

investigations have dealt with basal metabolic rates 
in different forms of mental illness. The literature 
has been reviewed by Wuth (1928) and Altschule 
(1953), and the findings were either negative or of 
doubtful validity. The influence of emotional 
fluctuation, at the time when the investigation was 
carried out, had generally not been considered. 
Dunbar (1954) stated that “this material is essentially 
inconclusive owing to the fact that most workers 
establish a statistical correlation with certain disease 
groups instead of correlating metabolic rates with 
the emotional state of the subject”’. 

It is widely held (e.g., Hoskins, 1941; Bartels, 
1949) that emotionally disturbed subjects tend to 
have a raised basal metabolism, but there is no clear- 
cut evidence in support of this belief. Crile (1922) 
in animals and Deutsch (1925) in human subjects 
have reported a decreased oxygen consumption after 
distressing experiences; Segal, Binswanger, and 
Strouse (1928) could find no alteration of meta- 
bolism (provided the subjects had a normal thyroid 
function) whilst Schou (1937) and Finesinger (1939) 
have described a frequent small increase. 

Greving (1935 and 1941) reported that schizo- 
phrenic patients, after strenous effort, show a 
prolonged increase of oxygen consumption and a 
high lactate content in the blood. Similar findings 
were demonstrated in young soldiers with neuro- 
circulatory asthenia by Jones and Scarisbrick (1946) 
and Cohen, Johnson, Consolazio, and White (1946). 
In these papers the emotional state of the subjects at 
the time of their investigation was not fully described 
and the metabolic findings were not related to it. 

The following inquiry was designed to investigate 
the influence of emotion on the metabolic rate in 
different postures. 

The concept of metabolic rate, useful as it is from 
a clinical point of view, does not allow sufficient 
insight into the functional adaptation involved in 
postural change. We therefore examined separately 
the respiratory factors. The literature on respiratory 
physiology in emotion and psychological illness has 
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been reviewed by Finesinger (1939) and by Clausen 
(1951). Only findings directly relevant to our 
observations will be discussed here. 


Experimental Procedure and Methods 


Thirty-two patients and 10 control subjects were 
tested. The patients were consecutive admissions to the 
Professorial Unit at the Maudsley Hospital, except a 
few who were untestable or had a physical disease of a 
type known to influence metabolic rates. No more than 
mild nocturnal sedation (amylobarbitone sodium or 
pentobarbitone, 200 mg.) was administered at the time 
and they were not receiving physical treatment. Their 
diagnoses were varied (Table I). The nature of the 
examination was explained to every subject the day before 
the test, but they had no preliminary trial and retests 
are not included in this series. Ten healthy volunteer 
subjects formed the control group. 

Testing took place in the morning in a quiet ward 
sideroom, in which the temperature was maintained 
between 19° and 21°C., about four hours after a light 
meal. The mask was fitted and the subject lay on a 
couch for half-an-hour or until the pulse and ventilation 
volumes, used as a criteria of stability, became relatively 
constant. At this stage, two consecutive estimates, 
lasting 10 minutes each, were made in the lying position 
and the lower of these was used as the metabolic rate 
when lying. The patient was then asked to sit up (on an 
ordinary wooden chair adjoining the couch) for five 
minutes, following which a 10-minute measurement was 
made in this position. The patient then stood in a 
comfortable position and after a further five minutes, a 
final 10-minute measurement was taken while standing. 

The emotional state of the patients was assessed on a 
four-point scale (0 = nil; 1 = mild; 2 = marked; 
3 = severe abnormality). Two independent ratings in 
respect of eight symptoms (depression, euphoria, apathy, 
anxiety, motor retardation, motor excitement, pressure 
of talk, and mutism) were made, one immediately before 
testing by the psychiatrist clinically responsible for the 
case and not associated with this investigation, the other 
during test procedure by the experimenter (A.G.M.). 
In the first rating the prevalent state of the subject was 
evaluated by someone well acquainted with his psy- 
chiatric history and his pattern of emotional responses. 
The experimenter’s rating was mainly based on direct 
observation of the patient’s behaviour during the test; 
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TABLE I 
EXPERIMENTAL DATA 





— 


Subject Height (Cal./sq.m./hour) 


No. | (cm.) 


Energy Expenditure 
°% of Robertson and Reid Mean 


Psychological |Log B.S.R. | 


Rating (lying) | Diagnosis 





| Lying | Sitting 


— 


Standing 








Patients 
106 
117 
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Immature personality 

Depression 

Mental deficiency 

Puerperal depression 

Depression 

Paranoid schizophrenia 

Depression 

Schizo-affective disorder 

Schizo-affective disorder 

Depression 

Depression 

Hysteria 

Schizo-affective disorder 

Schizophrenia 

Depression 

Depression 

Anxiety state 

Depression 

| Alcoholism 

| Alcoholism 
Schizo-affective disorder 
Depression 
Personality disorder 

| Anxiety state 
Depression 

| Cerebral arteriosclerosis 
Agitated depression 
Huntingdon’s chorea 

| Hysteria 
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Agitated depression 
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Means | | 
(Controls) | | 98-4 


| 


1-663 





A = Anxious; D = depressed; R = retarded; 


verbal communication, restricted as it was by the tech- 
nique adopted, influenced it only little. The ratings of 
the two observers agreed closely in respect of the majority 
of the symptoms, especially anxiety. The two ratings 
were averaged and the mean was taken as the score for 
each symptom. The emotional state of the patients 
ranged from practically normal (Subject 20, an alcoholic 
admitted for treatment of long-standing addiction) to 
very severe delusional fear (Subject 13, suffering from 
schizo-affective disorder). Only the experimenter’s rating 
was available for Subject 11; this patient was therefore 
included in the whole patient group but not in any of its 
subdivisions according to individual symptoms. The 
control subjects, all personally known to the authors, 
were similarly rated for their behaviour during the test; 
their total score never exceeded 2. 

lor each symptom (provided numbers were sufficient 
for statistical treatment) the patients were divided into 


O = overactive; 


T = over-talkative; MD = more disturbed 

two groups: one similar to the control in that the given 
symptom was either not present or only to a minimal 
degree (score 1, or less), and a second group where the 
abnormality was marked (score 1, 5, or above). For 
motor retardation, however, as all the control subjects 
scored 0, any patient with a positive score was put in the 
second group. The patients were also divided into 
“more disturbed” and “less disturbed”, according to 
whether their mean total score was 4 or more or below 
this figure. 

The integrating motor pneumotachograph developed 
by Wolff (1958) was used to measure respiratory volume 
and to collect air samples. A face mask, of the type 
described for use with the apparatus, was employed. It 
was sealed, if necessary, with plastic adhesive tape to 
prevent leakage. Provided the diaphragm was kept in 
the vertical plane, the instrument gave consistently 
reliable readings. Analyses of air samples for oxygen 
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and carbon dioxide were made with the Scholander 
technique (1947), which gave readings between 20-87 and 
20-91% for the concentration of oxygen in the atmo- 
spheric air. The metabolic rates were expressed as 
percentages of the Robertson and Reid (1952) expected 
mean. 

Respiratory rate was recorded with a moving coil 
pen recorder connected to the integrating unit of the 
pneumotachograph and the mean respiratory rate cal- 
culated for each 10-minute period measured. Tidal air 
was calculated from the ratio of minute respiratory 
volume to respiration rate. The pulse rate was taken at 
the wrist for a full minute in the middle of each period. 

The measurements recorded in the three groups of 
subjects in the lying position were compared, and then 
the increment (or decrement) on changing to the sitting 
and then to the standing position. This is essentially 
the procedure used in the Leistungs-Pulsindex test of 
exercise tolerance (Miiller, 1950). Only measurements 
complete for the three positions of lying, sitting, and 
standing were thus compared. For this reason, of the 
original 32 patients, four had to be discarded. 


















TABLE II 


MEAN SCORES FOR RESPIRATORY FACTORS AND PULSE RATE OF ANXIOUS AND NON-ANXIOUS PSYCHIATRIC 
PATIENTS AND OF NORMAL CONTROLS, LYING, SITTING, AND STANDING 


P. H. MELVILLE 


The galvanic skin resistance was measured with a valle. 
voltmeter type of apparatus as described by Venable 
(1955), modified to give direct readings in kilo-ohms 
The electrodes were applied to the palmar surface of the 
hands with electrode jelly interposed. 

Blood samples for serum protein iodine estimation 
were taken immediately after testing, and the haemo. 
globin and erythrocyte sedimentation rate measured, to 
exclude subclinical physical disorders which migh; 
influence metabolic rate. The results were in ever 
instance within normal limits. : 


Results 


The distribution of metabolic rates (Tables I and 
Il), in all three positions and for both groups of 
subjects (Melville and Mezey, 1959) is within the 
normal range as observed in the series of similar 
size of Booyens and McCance (1957). 

In the lying position, the average difference in 
calorie cost between patients and controls is only 














No. of subjects 
Mean age 
Sex 


Anxious Non-anxious Normal 
Patients Patients Controls 
17 10 













Mean metabolic rate (Cal./sq.m./hour) Lying 
Sitting 

Standing 
Mean ventilation rate (1./hour) Lying 
Sitting 

Standing 
Mean respiration rate (breaths/minute) Lying 
Sitting 

Standing 
Mean tidal air (ml.) Lying 
Sitting 

Standing 
Mean % oxygen in expired air Lying 
Sitting 













Standing 
Mean % carbon dioxide in expired air Lying 
Sitting 

Standing 
Mean respiratory quotient Lying 
Sitting 

Standing 
Mean pulse rate (beats/minute) Lying 
| Sitting 

| Standing 








102-2 91:8 98-4 
116°1 108-2 109-0 
109-3 122-3 122-9 
288-0 283-1 300-6 
327-0 352-5 335-5 
353-1 416-4 387°5 
13-78 13-51 13-22 
14-22 15-52 15-06 
5-73 16°32 15-70 
373 361 406 
372:2 397°6 387:1 
385°1 433-1 440:1 
17-07 17-06 16°81 
16:97 17-26 16-95 
17-49 17:36 17-04 
3-32 3-13 3-34 
3°31 3-03 3-20 
3-03 2-94 3°12 
0-86 0-81 0-81 
0-85 0-83 0:80 
0-87 0:83 0-80 
69:1 65:1 70:4 
778 71-0 75-4 
88-2 85-16 84-8 










TABLE 


METABOLIC RATE (Cal./sq.m./hour) OF PSYCHIATRIC PATIENTS IN LYING POSITION COMPARED WITH 
NORMAL CONTROLS 


Il 





Group n i 


Mean Difference in 


between Patients and Normal | 
Controls (n = 10) 


Metabolic Rate | 
n Lying Position S.E. P< 

















All patients 32 —1- 
Anxious patients 13 2: | 
Depressed patients 11 0- 

Retarded patients 15 1- 
Overactive patients 15 0- 
““More disturbed” patients 16 —0- 
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TABLE IV 


MEAN INCREMENT/DECREMENT IN METABOLIC RATE (Cal./sq.m./hour) IN NORMAL CONTROLS, ANXIOUS, AND NON; 
ANXIOUS PSYCHIATRIC PATIENTS AFTER CHANGE OF POSITION FROM LYING TO SITTING AND FROM SITTING TO 
STANDING 


—_—_—~ 





Mean Increment/ 
Group | Decrement in 
Metabolic Rate 





After Change of Position from Lying to Sitting 
Normal controls 
All patients 

Anxious patients 

Non-anxious patients 





Afte r r¢ ‘hange of Position from Sitting to Standing 
Normal controls 
All patients 

Anxious patients 

Non-anxious patients 





*Statistically significant. 


TABLE V 


INCREMENT/DECREMENT IN METABOLIC RATE (Cal./sq.m./hour) OF PSYCHIATRIC PATIENTS ON STANDING UP 
COMPARED WITH OWN GROUP OF NORMAL CONTROLS AND ANOTHER SERIES OF NORMALS 





Normal Controls (n = 10) Series of Booyens and McCance (1957) (n = 35) 





Mean Difference | — Difference } 
in Increment/ | in Increment/ 
Group Decrement of S.E. Decrement of sz. | P< 
Metabolic Rate | Metabolic Rate 
on Standing | | on Standing 





All patients 
Anxious patients 
Depressed patients 
Retarded patients 
Overactive patients 
“More disturbed” patients 








* Statistically significant. 


1:2. Neither for the patients as a whole nor for those _ nificantly from the normals, but this cannot be 
with particular emotional symptoms was there a __ said of the entire group of patients or for any other 
significant difference from the normal subjects group defined on the basis of symptoms observed. 
(Table III). A similar result is obtained by comparing patients 
In the control group the metabolic rate increases with the normal subjects of Booyens and McCance 
in nearly linear fashion from lying to sitting, and (1957), after converting their figures into percentages 
from sitting to standing, and the increment is of Robertson and Reid (1952) expected mean. 
Statistically significant in both cases (Table IV). Total ventilation, or respiratory volume, in the 
In the patients too a statistically significant difference lying position is highest in controls and lowest in 
is observed in metabolic rate as the subject changes patients without anxiety (Table II). After both 
from the lying to the sitting position; this holds changes of posture, the patients without anxiety 
true for the whole group and for the anxious have the largest mean increment in respiratory 
patients, taken separately. The situation is different, volume. The means for respiratory rate (Table II) 
however, for the change from sitting to standing; are very similar in the lying position, the anxious 
here the increment in energy expenditure for the patients having higher values than the other patients 
patients taken as a whole does not reach statistical or the normals. 
significance. When, however, the patients are When lying, the controls have the highest mean 
divided into those with and those without manifest _ tidal air, followed by the anxious and then the non- 
anxiety, it is the former who fail to step up the anxious patients (Table II). 
oxygen consumption when they stand, whereas The oxygen content of the expired air shows 
those who are free from anxiety increase their energy interesting features (Table II). In the lying position 
expenditure just as the controls do (Table IV). it is almost identical in the anxious and the non- 
This finding is confirmed by direct comparison of anxious patients, but is higher in them than in the 
patients and normal subjects in respect of increment controls. After sitting up, the oxygen content of 
or iecrement after the change from sitting to stand- the expired air increases in the controls and non- 
ing (Table V). The anxious patients differ sig- anxious patients, but it falls in the anxious patients. 
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TABLE VI 


MEAN DIFFERENCES IN OXYGEN CONCENTRATION OF EXPIRED AIR IN NORMAL CONTROLS ANXIOUS, AND NON. 
ANXIOUS PSYCHIATRIC PATIENTS AFTER CHANGE OF aa. FROM LYING TO SITTING AND FROM SIITING 
TO STANDING 















Mean Differences in 































| 
Group n Oxygen Concentration S.E t P 
of Expired Air 
After Change of Position from Lying to Sitting | 
Normal controls 10 0-138 0-072 1-91 0-1 
Anxious patients 11 —0-091 0-15 0-60 | 0-6 
Non-anxious patients . 0-11 0-1 


After Change of Position from Sitting to Standing 
Normal controls . 0-1 
Anxious patients 11 0-511 0-2 
Non-anxious patients 0 























*Statistically significant. 


TABLE VII 


BASAL SKIN RESISTANCE OF PSYCHIATRIC PATIENTS, IN LYING POSITION COMPARED WITH THAT OF NORMAL 
CONTROLS (n = 10) 


















































| Mean Difference in | | 
Group n Basal Skin Resistance S.E. | t Pp 
| between Patients and | 
| Controls (Lying) 
All Patients 28 —0-569 0:20 } 2-98 
More disturbed 15 — 0-668 0-20 | 3-22 
Less disturbed | —0-530 0:20 2°65 
Anxious | 12 0-730 0-24 3-04 
Non-anxious :. —0-480 | 0-19 2:52 












* Statistically significant. 


Finally in the standing position the oxygen content 
of the expired air rises markedly in anxious patients 
and distinguishes them from controls and non- 
anxious patients (Table VI). 

For the anxious patients, the CO, content of the 
expired air is practically identical in lying and 
sitting, but there is a marked fall on standing up. 
In the non-anxious patients and the control subjects, 
the fall in CO, content of the expired air is gradual 
and similar in the two groups after each change of 
posture (Table II). 

The respiratory quotient (Table II) in all three 
positions is highest for the anxious patients, lowest 
for the normal subjects; the non-anxious patients 
occupy an intermediate position. 

The increments in pulse rate observed after each 
change of position are not significantly different in 
the three groups (Table II). 
















































































Basal Skin Resistance.—The individual readings 
of B.S.R. converted into log resistance scores to 
reduce scatter and facilitates statistical treatment, 
are shown in Table I. The mean score of patients 
is below that of the control group and Table VI 
shows that this difference is significant. 









































Discussion 

Analysis of the differences in metabolic rate 
increment from position to position shows that all 
groups significantly increase their energy expendi- 


























ture in sitting. Control and non-anxious subjects 
show a further increase in the standing position, but 
they are not followed in this by the patients with 


marked anxiety. In fact, the metabolic rate of nine 
out of 11 anxious subjects when standing was lower 
than in the preceding sitting position. The term 
‘“‘anxiety”’ is used here, as previously, to designate 
an anticipatory feeling state of unpleasant or dis- 
tressing quality. 

The explanation of this finding might be sought 
in a disorder of respiratory regulation leading to 
inefficient function through increased respiratory 
rate, diminished tidal air, and larger respiratory dead 
space, as demonstrated for the effort tolerance of 
soldiers suffering from neurocirculatory asthenia 
(Haldane, Meakins, and Priestley, 1919; Cohen and 
White, 1947). 

Our results show that respiratory regulation, for 
total ventilation, respiratory rate, and tidal air 
follows the same pattern in psychiatric patients, 
whether anxious or not, as in normal control 
subjects. The low oxygen uptake of anxious patients 
on standing up cannot therefore be explained by a 
disorder of respiratory regulation. 

In healthy subjects and non-anxious patients the 
adaptation to postural change is characterized by a 
small (2:7 to 5-4%) decrease in oxygen extraction, 
more than compensated in both groups by the con- 
comitant rise in minute respirato’ volume which ‘s 
therefore primarily responsibie :or the metabolic 
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readjustment. This is in accordance with Durnin 
and Edwards’ (1955) observation that, within the 
moderate ventilatory range, energy expenditure can 
be predicted from minute respiratory volume alone, 
with only a small margin of error. 

In anxious patients the metabolic adaptation in 
response to postural change appears to be de- 
termined by the rate of oxygen extraction from the 
inspired air, which follows a different pattern from 
that observed in the two other groups (Fig. 1). On 
sitting up, oxygen extraction is increased to 102:°3% 
of the lying value, and the metabolic rate rises. On 
standing up there is a reversal of the trend in oxygen 
extraction which falls by 13:1°%, a significant 
amount; the increment in ventilation is not sufficient 
to compensate for the low oxygen yield and there 
can be no rise in energy expenditure (Table VI). 

The measurements of electrical skin resistance 
confirm the psychological rating and ailow clear-cut 
differentiation of controls and patients, the latter 
having a significantly lower skiri resistance. Both 
anxious and non-anxious patients have a low mean 
B.S.R. This is in accordance with the fact (White, 
1930; Freeman and Simpson, 1938) that palmar 
sweating is not the only factor that reduces electrical 
resistance of the skin, and generalized muscular 
contraction or tension have a similar, though 
possibly less marked, effect. Our findings also 
conirm the results of Freeman and Giffin (1939) 
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Fic. 1.—Mean percentage increment/ 
decrement in oxygen extraction and 
total ventilation in normal controls, 
anxious and non-anxious psychiatric 
patients after change of position 
from lying to sitting and from sitting 
to standing. 


regarding the tendency to an inverse relationship 
between metabolic rate and basal skin resistance in 
the lying position. 

This experiment does not allow a definite answer 
to the question whether the anxiety discussed here 
differs only in its quantity, or also qualitatively, from 
that observable in normal people. We are inclined 
to the view that there is only a quantitative difference 
as the lower metabolic rate in standing although 
occurring much more frequently in the very anxious 
patients, was certainly not confined to them; it was 
observed not only in several of our patients without 
severe anxiety, but also in one of our normal 
subjects (Subject 3) and in five of the series of 
Booyens and McCance (Melville and Mezey, 1959). 

The explanation of these findings can only be 
speculative at present. Increased work unaccom- 
panied by a rise in oxygen consumption presupposes 
either greater efficiency, or accumulation of oxygen 
deficit, and deteriorating performance through 
fatigue. Of the former, there was no other evidence, 
but greater efficiency of anxious patients cannot be 
ruled out on a priori grounds: an emotionally 
induced increase of adrenocortical activity might 
have been present in these subjects, and it has been 
shown in animal experiments (Ingle, Morley, and 
Nezamis, 1952) that a considerable improvement of 
work performance accompanies the continuous 
administration of cortisone. The failure of the 
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anxious subjects to increase energy expenditure 
when changing from sitting to standing could not be 
attributed to reduced function because the effect 
was too rapid for any action mediated by the thyroid 
gland and the level of serum protein-bound iodine 
was always within normal limits. 

Excess adrenaline or noradrenaline secretion in 
the anxious group of patients has also been con- 
sidered. Allen, Barcroft, and Edholm (1946) 
showed that after initial vasodilatation adrenaline 
produces a secondary vasoconstriction in the human 
skeletal muscle; diminished blood flow in this 
secondary phase could make the muscular system 
unable to increase its oxygen uptake according to 
tissue demand. However, the anxiety discussed here 
was not a transient phenomenon provoked for the 
purposes of the experiment but was prolonged, and 
the vasoconstriction reported by Allen ef a/. was 
only relative, the blood flow remaining well above 
the initial resting state. 

The findings reported here would be more in 
keeping with the action of noradrenaline which 
tends to reduce muscular blood flow (Goldenberg, 
Aranow, Smith, and Faber, 1950); the effect of 
noradrenaline on respiration (Whelan and Young, 
1953) is consistent with our findings in the anxious 
group of subjects. Euler, Luft, and Sundin (1955) 
have shown that, after changing from recumbency 
to standing, there is a considerable increase in the 
excretion of noradrenaline; they regarded it as 
induced by stimulation of the vasomotor nerves that 
followed the orthostatic fall in the blood pressure. 
Finally, Elmadjian, Hope, and Lamson (1957) have 
demonstrated increased noradrenaline excretion in 
anticipatory states. Whether excess noradrenaline 
secretion or some other factor is responsible, the 
observed abnormal oxygen extraction is probably 
dependent on circulatory changes (Sharpey-Schafer, 
Hayter, and Barlow, 1958) interfering with the 
alveolar absorption of oxygen, its transport, or its 
consumption in the skeletal muscles. 


Summary 


Metabolic and respiratory adaptation in the con- 
secutive lying, sitting, and standing positions was 
studied in a group of 32 psychiatric patients and 
10 healthy subjects. 

There was no significant difference between nor- 
mals and patients in their mean energy expenditure 
in lying. Control subjects and non-anxious patients 
showed a linear increase in their metabolic rate, 
with a significant rise after each change of position; 
anxious patients had a significant increment when 
sitting up, but failed to show any further increase on 
standing. The difference between controls and 
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anxious patients (in their metabolic rate increment 
after changing from sitting to standing) js 
statistically significant. 

The normal subjects, the anxious patients, and the 
non-anxious patients do not differ among them. 
selves in respect of minute respiratory volume, 
respiratory rate, and tidal air in the three body 
postures. 

The oxygen extraction of normal subjects and 
non-anxious patients is similar, and a small de. 
crease is observed after each change of posture, 
The anxious patients differ from both these groups 
in that their oxygen extraction increases slightly 
after the first change and falls considerably on 
standing up. 

The differential pattern of oxygen extraction in 
anxious patients is shown to be responsible for the 
failure of their metabolic rate to rise when they 
stand up. 

Measures of basal skin resistance were con- 
cordant with the psychological rating of the 
emotional! state and allowed differentiation of 
normal subjects from anxious and non-anxious 
patients. 

The significance of these findings and _ the 
underlying physiological mechanisms are discussed. 
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help with the statistical treatment, Dr. C. Rashbass for 
many helpful suggestions, Dr. P. H. Venables for advice 
on the measurements of electrical skin resistance, 
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Human Physiology, Medical Research Council, Hamp- 
stead) for suggestions and criticisms, Mrs. T. A. Maxwell 
for secretarial and Mrs. V. A. Oniwinde for technical 
assistance. 
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The occurrence of similar forms of psychiatric 
illness in identical twins was first reported by 
Galton (1883). More recent studies by Kallmann 
(1946) and Slater (1953) strongly indicate the im- 
portance of heredity in the aetiology of schizo- 
phrenia. The incidence of schizophrenia in one of 
a pair of uniovular twins when the other is affected 
by the disease has been stated by Slater and Kall- 
mann to be 76% and 86% respectively. Because 
uniovular twins have an identical genetic con- 
stitution they provide scientific observers with an 
ideal opportunity for controlled investigations into 
the value of therapeutic measures. To the best of 
our knowledge, however, the present report is the 
first in the literature in which an investigation into 
the effects of various drugs has been carried out. 


Case History 

Eleanor and Audrey, 21-year-old twins, were admitted 
to the Bethlem Royal Hospital in January and May, 
1956, respectively, suffering from an acute schizophrenic 
illness. 

They were the only children of healthy parents and 
there was no known family history of mental illness. 

The patients were bottle fed for nine months and it 
was reported that neither girl walked till 20 months or 
talked till 33 years old. Both had frequent temper 
tantrums, nightmares, and various fears; they were very 
jealous of each other and tended to be quarrelsome. 

From the ages of 4 to 17, the twins attended a number 
of schools, never distinguishing themselves and never 
forming stable relationships. There were frequent com- 
plaints by the school authorities to the effect that their 
lack of effort and mischievous behaviour set a bad 
example to the rest of the class. After eventually 
obtaining the General Certificate of Education they 
attended various secretarial and domestic science 
colleges, usually for short periods of time. Both had 
much difficulty in settling down to a job. 

Menstruation began uneventfully at 12 and both girls 
suffered from premenstrual tension and irritability. At 
school, both had “crushes” for older girls: since leaving 
they had made onlv rare and superficial heterosexual 
contacts. 
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There was no history of previous physical illness other 
than the usual children’s ailments. 

The previous personalities are described as being very 
similar. Both were affectionate and attached to mother. 
They had many interests, mainly in ballet and music, but 
these were not sustained. They were keen on sporting 
activities, although not particularly proficient. With 
money they were extremely extravagant and generally 
irresponsible. The girls were very fond of each other 
although, when together, quarrelled frequently. Audrey 
was the dominant twin, preferred by their friends and 
acquaintances. 


History of Illness.—The twins first fell ill in February, 
1955, within a few days of each other. The course of the 
iliness will be described separately. 

Eleanor was admitted to a hospital in the south of 
England on March 12, 1955. On admission “she was 
very dissociated, and for long periods of the day seemed 
unable to maintain any contact with the real world. At 
such times she was agitated and half aware of her dis- 
sociation and unable to carry out any activity requiring 
attention or make more than passing contact with other 
people. 
out on a walk would have no remembrance of the way 
home.” It was considered that although “there was 
probably a schizophrenic overlay, her symptoms were 
mainly hysterical”. She was treated with psychotherapy 
but made little progress during a stay of nine months. 
In January, 1956, she was transferred to the Bethlem 
Royal Hospital. She was found to be untidy, unkempt, 
hostile, uncooperative, inclined to scream suddenly and 
for no apparent reason, often becoming solitary and 
sullen. There was incongruity of affect and gross thought 
disorder typical of schizophrenia. She was treated with 
chlorpromazine, 100 mg. t.d.s., and reserpine, 2 mg. 
t.d.s., with some benefit: later, as she was improving, 
chlorpromazine was discontinued and reserpine gradually 
tailed off. By August, 1956, she was symptom free and 
was discharged home. She remained well for two 
months, although finding a secretarial course too 
exacting. In November, 1956, she developed paranoid 
delusions, became hallucinated and was readmitted to 
Bethlem Royal Hospital. 


Audrey became ill a few days after her sister and 
showed similar symptoms. She was admitted to a 


She complained of a sense of unreality and if- 
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TABLE I 
COURSE OF ILLNESS 





Audrey 


| Eleanor 





1955 ; 
March Deluded, hallucinated 
April England 


May | Treated with insulin and E.C.T. | 


June 
July 

August Recovered | 
September 

October 

November 

December 


1956 
January 
February 


Working 


Admitted to hospital in north of 


| 
Deluded, hallucinated | Admitted to hospital in south 
of England 


Treated with psychotherapy 
| 
| 





| Discharged by parents. Ad- 
mitted to Bethlem Royal 
|  Hospitai 


| " . 
Treated with chlorpromazine 


and reserpine 


| No improvement 


| Reserpine and chlorpromazine 


September 
October 

November 
December 


1957 
January 
February | 
March | 
April | | 
May | 
June 
July 
August 
September 
October 
November 
December 


Reserpine 


\ 


Recovered 1 


| Readmitted for 3 days 


1958 
January 
February 
March 
April 
May Remained on reserpine 
June 
July 
August 
September 
October 
November 
December .... 


Working 


patient 


Continued attending as an out- || 


Recovered 


Readmitted to Bethlem Royal 


Relapsed 
| Hospital 


Observation and routine care 


| Reserpine 


Cc 
L 
I 

N 
I 

Cc 
A 
L 
T 
R 
I 

A 
L 


| .. Discharged 
Working 
Discontinued reserpine 


Readmitted to Bethlem Royal 
Hospital 


Relapsed 





hospital in the north of England where a diagnosis of 
schizophrenia was made. She was subjected to a course 
of deep insulin comas and these were supplemented with 
a number of electroconvulsive treatments. Her re- 
covery was rapid and she was discharged free of symp- 
toms in August, 1955. After obtaining employment for 
afew months, she relapsed, was sacked on account of 
screaming attacks, developed paranoid delusions and 
hallucinations and was admitted to Bethlem Royal 
Hospital in May, 1956. She presented a picture of acute 
schizophrenia and was treated with reserpine in doses 
varying between 6 and 9 mg. daily. Once more she made 
a complete recovery and was discharged in October, 
1956. Initially she settled well in a secretarial post but 
relapsed, and in February, 1957, she was readmitted. 


During previous admissions both twins had responded 
to ‘reatment with reserpine alone or in combination with 


chlorpromazine. To eliminate the possibility of im- 
provement being due to a spontaneous remission, when 
Eleanor was admitted in November, 1956, it was decided 
that she should be observed and treated with routine 
medical and nursing care only. For 10 weeks such 
treatment produced no improvement and she remained 
deluded, hallucinated, showing affective incongruity 2nd 
thought disorder. Rapid recovery followed the adminis- 
tration of reserpine and an equally rapid deterioration 
in the clinical condition occurred when a placebo was 
substituted. After reserpine was given again she 
improved once more. 

When Audrey was admitted in February, 1957, she 
was treated with reserpine in the same dosage as her twin 
sister, i.e., 2 mg. t.d.s.: her response to this drug was 
equally dramatic as was also her relapse after the 
administration of a placebo. 

From February, 1957, our patients were in hospital at 
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the same time, under the care of the same doctor although 
in different wards. This separation was made necessary 
by the fact that during their illness the twins were 
particularly quarrelsome and intolerant of each other’s 
behaviour. Moreover, after it was decided to carry out 
a controlled drug trial, it seemed vital to separate them in 
order to prevent one twin from affecting the clinical 
state of the other. 


Investigations.—The following are the results of 
investigations :— 
Height, Eleanor 67 in., Audrey 66 in. 
Weight, Eleanor 146 lb., Audrey 144-5 Ib. 
Blood groups for both twins, O, MsNs, P 
Lu (a—), K—, Le (a—b+), Fy (a—) 
Wechsler intelligence quotient, full scale, Eleanor 95 
and Audrey 94. 
The Genetics Unit, Institute of Psychiatry (Mr. 
W. L. B. Nixon), reported as follows : 


“Seenon March 26, 1957. Hair, eye colour, and 
single features indistinguishable. Phenylthiocarba- 
mide test: both taste dilution 6 as ‘bitter’, can still 
taste dilution 9, not 13. Fingerprints: Total ridge 
counts—Eleanor 282, Audrey 294, Pattern type 
differences—2. Discriminant (Nixon, 1956) — L 
= — 3-082, i.e., to the left even of the mean value for 
monozygotic twins. All above tests indicate that the 
twins are uniovular.” 


t 5] Ry, 


Experiment.—By the beginning of July, 1957, the 
twins had improved greatly and were receiving reserpine, 
6 mg. daily. As from July 15, reserpine was gradually 
substituted by a placebo, in addition to which Audrey 
was given chlorpromazine in doses of 600 mg. daily and 
Eleanor meprobamate, 2,400 mg. daily: both were told 
that in addition to reserpine a second drug was being 
administered. From the onset of this trial the patients’ 
mental state was assessed daily on a five-point scale as 
follows :— 

0 — No abnormality of behaviour. 

1 — Restlessness, irritability, untidy, and unkempt 

appearance. 

2 — As above, plus ideas of reference. 

3 — Deluded, hallucinated, autistic withdrawal. 

4 — Gross psychotic behaviour necessitating transfer 

to a closed ward. 

The mental state, the weekly weights, and the sequence 
of administration of the various drugs are shown in 
Fig. 1. Since each twin was used as her own control, 
their progress is best followed individually. 


Audrey relapsed shortly after the substitution of 
reserpine by chlorpromazine, becoming deluded, hal- 
lucinated, and withdrawn. Although she began to show 
some improvement after chlorpromazine was substituted 
with a placebo, she did not regain her original state until 
reserpine therapy was begun again. Shortly after this 
she pressed to be discharged and was allowed to leave 
hospital on September 23, with the recommendation to 
continue taking 6 mg. reserpine daily. Her weight had 
increased by 16 Ib. while receiving chlorpromazine but 
she had reverted to her original level soon after this drug 
was discontinued. With the exception of a three-day 
period when she was admitted to hospital after a quarrel 
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with a landlady, Audrey has remained in the same 
secretarial post since her discharge. She has atiended 
an out-patient clinic at regular intervals and her mental 
state has been assessed at each attendance. It was clear 
that each time she discontinued taking reserpine she 
became disturbed but in spite of repeated warnings she 
she would herself decide at times that the dose could be 
reduced or the drug discontinued altogether. As she 
was living in a room away from her family, there was no 
possibility of supervision. From April, 1958, until when 
last seen in January, 1959, she has maintained her im- 
provement; her work is described as most satisfactory, 
she has made many social contacts and remains on 
reserpine, mg. 3 daily. 


Eleanor also relapsed soon after the substitution of 
reserpine by a placebo. Since anxiety symptoms were 
prominent, it was decided to try the action of meproba- 
mate, but her condition worsened and necessitated her 
transfer to a closed ward, chlorpromazine, 600 mg. daily, 
being administered as in the case of her twin sister. 
Since no improvement had resulted after a period of 12 
weeks, reserpine therapy was begun again. with resulting 
improvement. When in January, 1958, the dose of this 
drug was reduced from 6 to 3 mg. daily, she became 
irritable, aggressive, and once more showed ideas of 
reference. These symptoms were relieved by reversion 
to the original dosage. When symptom free, it was 
decided to try once more the action of chlorpromazine 
on her illness. This decision was taken since, on the 
previous occasion, the introduction of a third drug, 
namely, meprobamate, could have confused the clinical 
picture. Once more, the substitution of reserpine with a 
placebo and the administration of chlorpromazine 
caused a re-exacerbation of symptoms which lasted till 
reserpine was again given. As in the case of her sister, 
she gained a considerable amount of weight while on 
chlorpromazine with a rapid loss when the drug was 
discontinued. She was discharged in July, 1958, obtained 
employment, and maintained her improvement while 
remaining on reserpine, 6 mg. daily. At the beginning 
of December, 1958, she stated that she had discontinued 
the drug, convinced that it was no longer helping her. 
She said that she was better without it than she had ever 
felt in her life. Her statements were confirmed by her 
mother and sister and it was decided to discontinue 
treatment. Later in the same month, however, she 
became difficult and unpredictable at work and was 
readmitted to Bethlem Royal Hospital, again showing 
incongruity of affect and schizophrenic thought disorder. 
Reserpine therapy was re-instituted and the patient is 
still in hospital at the present time. 


Discussion 


Psychotic illnesses in identical twins have been 
frequently recorded. Some studies have been des- 
criptive, others, as those already mentioned, have 
stressed the importance of genetic factors and others 
still have been preoccupied with psychodynamic 
considerations (Benjamin, 1957). Case reports, such 
as that recorded by Kallmann (1938), describing the 
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occurrence of schizophrenia within a few months of 
each other in twins that had been separated from 
birth, support strongly the case for a genetical 
inheritance of schizophrenia. While not denying 
the importance of psychodynamic considerations, 
the close relationship often found between identical 
twins and the fact that one often emerges as a 
dominant partner in the illness, we believe that the 
term “‘folie a deux” often used in the description of 
psychotic illnesses in twins, should be avoided, as it 
is only applicable to patients genetically unrelated. 
One of the most interesting case reports in the 
literature is that of Weatherly and Deabler (1954). 
Identical twins, brought up together, developed 
schizophrenia within six months of each other while 
living apart. Ten years after the onset of their 
illness, the one who had responded only transiently 
to E.C.T. and insulin coma therapy was subjected to 
a leucotomy while the other, whose illness had been 
less severe and disabling, was not operated on. In 
a five-year follow-up, recently published (Weatherly 
and Deabler, 1958), it is reported that the operated 
twin had been working uninterruptedly since dis- 
charge “‘although at a modest level’’ and had made 
a Satisfactory social adjustment even though at 
first he had seemed the worse prospect. The other 
twin had been in hospital on three occasions during 
the same five-year period. In this important study, 
one twin was used as a control for the other. The 
authors suggest the possibility that the second twin 
may be subjected to a sirnilar operation in the future. 
In the case reported here, the experiment was 
doubly controlled. In a first stage, one twin was 
treated with insulin and E.C.T., making a good but 
temporary recovery, whereas the other was treated 
with psychotherapy with no resulting improvement. 
It was interesting to note, moreover, that the latter 
twin was left with a more severely damaged per- 
sonality and a liability to suffer more serious and 
prolonged relapses. In a second stage, both were 
treated with reserpine and chlorpromazine, each 
twin being used as her own control in a “blind” 
investigation. Not only did both respond to treat- 
ment with reserpine and relapsed when the drug was 
substituted with chlorpromazine, but they both 
required the same dose of the former drug. In 
addition their weight increased while on chlorpro- 
mazine and returned to its former level once this 
drug was discontinued and reserpine given again. 
The comparison of the action of chlorpromazine 
and reserpine has been the subject of many in- 
vestigations, in some of which controlled techniques 
have been employed. Lemere (1955) reports that in 
his opinion there is no advantage in using one rather 
than the other and that the same patient may not 
tolerate the one and yet respond to the other drug. 
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Rosner, Levine, Hess, and Kaye (1955) also foung 
no significant differences in groups of patients 
treated with the two drugs. He noted, however, 
that the weight gain was greater with reserpine. 
Freeman, Arnold, and Cline (1956), in a double 
blind study, report that the two drugs had a similar 
effect on a group of chronic schizophrenic patients, 
The improvement noted was in the social adaptation 
of the patient rather than on the psychotic process 
itself. They comment on the fact that reserpine 
takes longer to act. A similar observation was made 
by Kovitz, Carter, and Addison (1955) who added 
that reserpine is of greater benefit where there js 
anxiety and hostility, while cases showing anxiety 
and tension are helped more by chlorpromazine. 
In a further controlled study, Shepherd and Watt 
(1956) found chlorpromazine much superior when 
given to a group of chronic schizophrenics and 
reserpine more likely to produce toxic and side 
effects. The dose of reserpine in this study (10- 
15 mg.) was, however, higher than that generally used. 

It is clear from all this that the indications for 
the use of either drug are ill defined and the choice 
is a matter for individual preference. The specificity 
of reserpine in our case, however, seemed remarkable 
and cannot clearly be e:.plained in our present state 
of knowledge. 

The identical responses of the twins to the drugs 
used in this study can only be interpreted as further 
proof of their identical genetic constitution. 


Summary 


Identical twins developed a schizophrenic illness 
within a few days of each other. One was treated 
with insulin coma therapy and E.C.T. and the other 
in a different hospital with psychotherapy with no 
resulting improvement. 

When, in a later stage of their illness, both were 
admitted to the same hospital, a controlled drug 
trial was undertaken. Each twin responded to the 
same dosage of reserpine and relapsed when 
chlorpromazine was administered. There was a 
similar increase in weight while on the latter drug. 

The similarity of their response is interpreted as 
further evidence of their identical genetic 
constitution. 

Previous comparisons of the actions of chlor- 
promazine and reserpine are briefly discussed. 


The patients were admitted under the care of Dr. W. 
Linford Rees and I wish to thank him for his help in 
planning this investigation and for permission to publish. 

To Professor Sir Aubrey Lewis and Dr. Eliot Slater 
I am indebted for helpful advice and criticism. Finally, 
I am grateful to the Board of Governors of the Bethlem 
Royal and the Maudsley Hospitals for a grant from their 
research fund. 
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Intracranial epidermoids are rare tumours, their 
incidence being about 0:5%. They are of con- 
genital origin arising from epithelial rests, usually 
in relation to neural crest derivative structures (von 
Remak, 1854; Bostroem, 1897; Critchley and 
Ferguson, 1928). They are almost always benign, 
slowly-growing tumours containing structureless 
kerato-hyaline material bounded by a capsule 
consisting of a thin layer of squamous epithelium 
without dermal elements, in some areas, and a false 
capsule in others. 

Malignant change in the epithelial lining of these 
tumours is rare, and only five reports have been 
found in the literature. Stromeyer’s (1910) case has 
been cited as the earliest example of malignant 
change reported in an intracranial epidermoid 
(Tytus and Pennybacker, 1956), but there is con- 
siderable doubt as to the carcinomatous nature of 
the malignant tissue, and indeed if it was neoplastic 
at all (Ziilch, 1956). Henschen (1955) was probably 
more correct in assuming that the tumour was a 
combination of epidermoid and glioblastoma, and 
mentions having seen one other such case. Ernst 
(1912) reported a case of a 52-year-old man with 
symptoms of an angle syndrome for eight years. 
Post-mortem examination revealed an epidermoid 
in the right cerebello-pontine angle which had 
undergone malignant change, infiltrating the pons, 
cerebellum, ventricle, and the meninges. It was said 
to be a non-keratinizing, squamous-cell carcinoma. 
Hug’s case (1942) was in a 49-year-old man who had 
had symptoms for 13 years, and at necropsy a 
parapontine epidermoid was found in direct con- 
nexion with a squamous-cell carcinoma which was 
occupying the left temporal lobe. A case of Kahn’s 
(1956) was mentioned without details by Ziilch 
(1956), and this was apparently a non-keratinizing, 
squamous-cell carcinoma. Henkel (1952) reported 


two further cases of carcinomatous change in 
epidermoids. They were both in males aged 49 and 
76, and both were parapontine in position. 


The case being reported is in a man aged 46, who had 
complained of frontal headache for some five months. 
Seven weeks before admission to hospital he had had a 
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generalized epileptiform attack. 

of poor vision in the right eye, but did not give a con- 

sistent account of the duration of this symptom. 
He was a restless, rather drowsy man with a poor 


He also complained 


memory, and indulging in facile behaviour. The only 
abnormal neurological finding apart from this was the 
absence of reaction to light of the right pupil except 
consensually; the visual acuity in the right eye was 
perception of bright light only, whilst in the left eye the 
visual acuity was J.4 and the field of vision full. There 
was papilloedema in the left fundus, whilst on the right 
there was primary optic atrophy; the tone in the right 
limbs was slightly increased as judged by the tendon 
reflexes. ; 

All ancillary investigations were normal except for the 
radiological changes in the skull which showed a small 
area of calcification in the right subfrontal area. Carotid 
angiography revealed the presence of a right fronto-polar 
space-occupying lesion (Fig. 1). The cerebrospinal fluid 
was not examined. 

Operative exploration was carried out by a right frontal 
osteoplastic bone flap. When the dura was opened a 
brain needle was passed into the right frontal lobe and 
encountered resistance at about 2cm. depth. The needle 
was then passed on into the resistance, and when the 
stillette was removed a little turbid fluid escaped. An 
incision was made into the right frontal lobe to expose 
the surface of an obvious tumour 2 cm. from the cortical 
surface. As soon as this was entered it was clear that 
it was an epidermoid containing the typical tissue. A 
larger area of frontal cortex was then removed to obtain 
adequate access for removal of the interior of the 
epidermoid. After a considerable amount of the 
interior of this tumour had been removed a subfrontal 
exploration showed that at the base the epidermoid was 
insinuating itself between the right optic nerve and carotid 
artery. The right optic nerve was very swollen, whereas 
the left optic nerve was normal. The whole of the 
interior of the epidermoid was removed from a cavity 
about 6 to 7 cm. in diameter, and from projections passing 
out between the branches of the anterior cerebral artery 
and around the middle cerebral artery. Much of the 
capsule was also removed. The whole of the swollen 
right optic nerve was resected. 

Histological examination of a part of the cyst wall 
showed it to be lined by epidermis with well-marked 
keratin formation (Fig. 2). The right optic nerve showed 
gliosis with a few calcospherites, focal areas of lympho- 
cytic infiltration, and invasion by a moderately well- 

















Fic. 1a.—Right lateral arteriogram showing displacement of 
anterior cerebral artery branches. 


Fic. 1b.—Antero-posterior arteriogram. There is very 
marked bowing of the arteries in the longitudinal fissure 
to the left. 


Fic. Ilc.—Right lateral phlebogram. The septal vein is 
curved upwards and the internal cerebral vein is displaced 
backwards. 


Fic. 2.—Cyst wall. Haematoxylin and eosin. x 650. 


FiG. 3.—Optic nerve. Haematoxylin and eosin. 


Fic. 4.—Optic nerve. Haematoxylin and eosin. x 560. 
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differentiated epidermoid carcinoma with numerous 
mitoses. Cell rests were seen but did not show keratin 
formation (Figs. 3 and 4). 

The patient made a satisfactory recovery from his 
operation, and after some deep x-ray treatment to the 
area of the right optic foramen he returned to work. 


It is interesting to note that the first description 
of the syndrome of unilateral optic atrophy and 
contralateral papilloedema, which this patient 
showed, often attributed to Foster Kennedy (1911), 
had already been described by Schultz-Zehden (1905) 
six years previously, in a case of an epidermoid tu- 
mour apparently arising in the region of the chias- 
matic cistern and invading the right lateral ventricle. 
This tumour had compressed, but not infiltrated, 
the right optic nerve. The nerve was surrounded by 
tumour up to the optic foramen. It may be more 
appropriate to classify this tumour of Schultz- 
Zehden as a basal rather than a frontal epidermoid, 
as has been done previously by Jefferson (1945) and 
Duke-Elder (1949). From our experience it would 
appear that truly intrinsic epidermoid tumours of 
the brain do not occur, but insinuate themselves into 
an apparent intrinsic position. 

The historical aspects of the Foster Kennedy 
syndrome have been amply reviewed by Jefferson 
(1945), but it would not be inappropriate to mention 
a few clinical facts not generally appreciated. The 
syndrome is rare (Sachs, 1927; Lillie, 1927; Hyland 
and Bottereil, 1937; Henderson, 1938; Jefferson, 
1945), and is more common in sphenoidal wing 
meningiomata than in frontal lobe or olfactory 
groove tumours (Cushing and Eisenhardt, 1938). 
Kearns and Wagener (1953) have pointed out that 
the Foster Kennedy syndrome in the absence of any 
abnormality of the sense of smell is suggestive of a 
sphenoidal wing meningioma. Finally, the side of 


the optic atrophy is not invariably the side of the 
tumour (David and Sourdille, 1942; Jefferson, 1945: 
Ford, 1957; Walsh, 1957). 


Summary 


A case of carcinomatous change occurring in a 
right frontal epidermoid in a 46-year-old man jis 
described. The malignant tissue had infiltrated the 
right optic nerve and produced a Schultz-Zehden 
syndrome. 


Our thanks are due to Dr. C. P. Moxon and Dr. A. L. 
Woolf for the radiological and pathological reports, 
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GIANT MUCOCELE OF THE FRONTAL SINUS* 


BY 


GEORGE W. SMITH and MARCELINO CHAVEZ 
From the Division of Neurological Surgery, the Medical College 0 Georgia, Augusta, U.S.A. 


The naso-mucocele is an encapsulated collection 
of sterile mucoid material within a nasal sinus, 
which, as it slowly increases in size, causes bony 
erosion and displaces neighbouring structures. 

The English neurosurgical literature contains 
little on this subject but relevant papers are by 
Howarth (1921), Dowman (1923), Alexander (1945), 
and Linthicum, Rand, and Reeves (1946). 

In order of frequency, mucoceles are found in 
the frontal, ethmoid, and sphenoid sinuses, rarely 
ever occurring in the maxillary sinuses (Wilkerson, 
1941). These are benign lesions which occur equally 
in both sexes and are usually unilateral but occa- 
sionally extend to become bilateral. They occur 
at any age, but commonly begin in the second 
decade and slowly progress over many years to 
become manifest in adult life. There is no 
established aetiology. 

The pathogenesis is one of a cystic dilatation of 
a mucous gland within the lining mucosa of the 
sinus (Turner, 1907). A thin-walled sac made up of 
fibrous tissue with low cuboidal epithelium en- 
capsulates sterile, thick, tenacious, brownish fluid. 
The continuous production of mucoid material 
causes the mass to increase in size within the small 
compartment of the sinus so that the septa gradually 
disappear and the medial and inferior walls of the 
sinus compartment are eroded. Although the pos- 
terior or inner walls are weaker and thinner, they 
are more resistive to the pressure and are last to 
erode; this is most likely due to the intracranial 
counter pressure. The constancy of the pressure 
rather than the degree produces the erosion. 


Clinical Picture and Diagnosis 


Because of their slow, insidious growth mucoceles 
may not give rise to severe symptoms for a long 
period. The patients may, as in the case here re- 
ported, put off medical consultation and run a 
course as long as 15 years. The most constant 
complaint is headache, usually frontal, varying 





*Presented to the Southern Neurosurgical Society Annual Meeting, 
January 23, 1959. 


from mild to severe, a fullness of the head and the 
cheeks, epiphora is often seen but there is seldom 
a nasal discharge. Frequently the most striking 
sign is the displacement of the orbit and the eyeball 
with diplopia and these patients will first seek 
attention from the ophthalmologist. The dis- 
placement of the eyeball is greatest in the frontal 
mucoceles and frequently in the advanced cases the 
displacement may be so extreme that the globe is 
forced from the socket. The displacement is down- 
ward, forward and outward. In those cases in 
which the posterior plate of the sinus is eroded and 
in contact with the dura mater and brain, the globe 
may not only be proptosed but will pulsate. 

The radiological findings (Wigh, 1950) include an 
increase in radiotranslucency in the mucocele area 
resulting from peripheral bone loss. The areas of 
destroyed bone will vary in amount and direction, 
thus giving unusual shapes to the mucocele by 
allowing it to balloon beyond the confines of the 
sinus. The supra-orbital plate may be depressed 
and eroded. The most constant radiographic 
finding is the absence of scalloping within the sinus. 
A fluid level may occasionally be seen. The smooth, 
regular appearance of the bony erosion with 
marginal sclerosis is diagnostic. Such sclerosis may 
be sufficiently dense to suggest osteoma or under- 
lying meningioma. 

The differential diagnosis should include (1) or- 
bital or nasal meningocele, (2) inflammatory or 
neoplastic lesions of the sinus, (3) epidermoid or 
hydatid cyst, and (4) intracranial or orbital 
meningioma. 

Case Report, F.C. (No. 6773), a 58-year-old coloured 
man, was referred with the diagnosis of right frontal 
tumour. The illness started 15 years earlier when the 
patient noticed a mass over his right eye. During the 
next years, the mass increased in size and it was necessary 
repeatedly to puncture and aspirate the mass in order to 
decrease its volume. One year before admission the 
tumour became painful and grew rapidly over the right 
eye and nose. The patient started having headaches 
which were constant and associated with nausea and 
vomiting. 

On examination, the patient showed a large tumour 
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Fic. 1.—The patient. 


located in the right frontal region with extension over 
the orbit and occluding the eye completely (Fig. 1). The 
mass extended also to the opposite side across the bridge 
of the nose toward the left eye. The nose seemed to be a 
part of the tumour. The eyeball was pushed downward, 
outward and forward. The palpebral fissure was 
occluded and only with extreme traction ‘could the 
conjunctiva or globe be seen. There was frank con- 
junctivitis. However, the patient was able to detect 
light and movement. The globe was fixed but the pupil 
reacted sluggishly. He was lethargic and appeared 
chronically ill. 





Fic. 2.—Preoperative radiograph. 


Radiographs of the skull (Fig. 2) revealed advanceg 
osseous destruction of the frontal bone measuring 
7 x 11 cm. The margins of the absorbed bone were 
smooth, regular, and sclerotic. The zygoma-orbita| 
junction on the right showed an increase in the thickness 
of the osseous element. The roof of the orbit was 
displaced downwards. The right anterior frontal bone 
was elevated and projected forward and anteriorly. The 
ethmoid sinuses appeared normal. 

An electroencephalogram showed slowing in the right 
frontal area. 

On December 6, under general anaesthesia, a coronal 
incision was made and the scalp was reflected anteriorly 
(Fig. 3) exposing the mass through the large defect in the 
frontal bone. When the posterior edge of the cyst was 
found the cyst was delineated by careful dissection. The 
capsule adhered firmly to the dura mater being con- 
tiguous and vascularized as one membrane. The cyst 





Fic. 3.—Artist’s conception of the lesion as seen at the operating 
table. 


was punctured and approximately 160 ml. of thick, 
brownish fluid was withdrawn but a smear of the speci- 
men showed no organisms and cultures were negative. 
The capsule was dissected from the dura. It extended 
to the midline and had extended in the extradural space 
to the coronal sutures and into the temporal area to the 
level of the zygoma. It extended inferiorly-posteriorly 
to the sphenoid ridge and to the cribriform plate. The 
orbital roof was displaced and instead of being convex 
was concave and depressed into the orbit. The cyst wall 
was dissected from the plate and by use of rongeurs the 
supra-orbital plate was completely removed back to the 
optic foramen. This allowed the orbital contents and 
globe to rise into the normal position. The frontal 
ostium was identified and found open; no drain was left. 
The left frontal sinus was found to be small and 
displaced to the left. The ethmoid sinus was not entered. 

Histological study showed the capsule of the mucocele 
to be a dense fibrous wall lined by respiratory type 
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Fic. 4.—Photograph one year after operation. 
epithelium with metaplastic changes. Laboratory studies 
on cyst fluid showed a specific gravity of 1-020. Electro- 
phoresis showed a pattern consistent with serum. 

The postoperative course was satisfactory and the 
patient has been gainfully occupied since dismissal from 
the hospital. Recent neurological examination shows 
no abnormalities save a right external squint (Fig. 4). 
The patient sees only 10/200 in the right eye owing to 
degeneration of the retina in the macular region; the 
nerve head is normal. Cranioplasty is to be performed. 


Therapy 


However mild the symptoms may be, surgical 
treatment is necessary in order to prevent subsequent 
osseous, brain, or orbital changes. The treatment 
of choice is the removal of the mucocele sac and the 
institution of adequate drainage. This can usually 
be accomplished in the less extensive cases by the 
Caldwell-Luc operation or by the Lynch radical 
frontal surgical exposure. An intranasal operation 
is occasionally adequate when the ethmoid is only 
involved but in the case of the frontal mucocele is 
less satisfactory. In those rare cases of sphenoid 
mucoceles the approach is endonasal. 


It is our belief that if the mucocele has eroded 
the posterior plate and frontal bone a coronal 
incision and surgical removal are to be preferred, 
for the risks of meningeal involvement by a trans- 
nasal or radical Lynch procedure are greater. By 
attacking the mucocele through a coronal incision 
the operator is working from a clean area and will 
lessen the chances of a meningitis or a meningeal 
involvement particularly if there is erosion or a 
break in the dura mater. If the supra-orbital plate 
has been depressed with encroachment and re- 
duction in size of the orbit, the coronal transcranial 
approach is mandatory to carry out a radical 
orbital decompression allowing the globe and orbital 
contents to assume their normal relations. 

The unusual features of the case presented here 
rests in (1) its great size—it should be classed as a 
‘giant mucocele’’; (2) the extreme displacement of 
the globe and orbit by the depressed supra-orbital 
plate; (3) the extensive destruction of the inner 
table of the skull, the frontal bone, and the anterior 
upward flaring of the remaining frontal bone edge; 
(4) the invasion of the extradural space by the 
dissection of the encapsulated mucocele, much as an 
extradural haematoma. 

The transcranial approach is a logical one though 
it has not been previously reported. It is indicated 
(1) whenever the frontal bone is destroyed, as one 
can then conclude that the cyst wall is in direct 
vascular continuity with the dura mater and that 
sharp dissection is necessary; (2) whenever the 
supra-orbital plate is depressed and an_ orbital 
decompression is required. 
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BOOK REVIEWS 


Mehrdimensionale Diagnostik und Therapie. By 
Ernst Kretschmer. (Pp. viii + 308. DM 36.-.) Stutt- 
gart: Georg Thieme. 1958. 


A Festschrift is admirable proof of the goodwill that 
colleagues and pupils feel for an ageing scholar. It is, 
however, seldom the repository of the original studies or 
more profound reflection of its contributors, since the 
curious nature of the publication, neither book, mono- 
graph, nor journal, ensures that its contents will be less 
fully abstracted, indexed, and accessible for consultation 
than in the more normal vehicles. The present volume 
is no exception. Handsomely produced, and testifying to 
the stimulus which Kretschmer has exercised on many 
psychiatrists’ minds, it must give him great pleasure, but 
there is little in it which reaches the level of a good 
article in the standard journals. Many of the 41 con- 
tributions belong to wisdom-literature, distilling ripe 
experience rather than presenting evidence; references 
are few and far between; and some of the articles, notably 
that by E. B. Strauss, read like short lectures to under- 
graduates. The catalogue of contributors contains many 
notable names, and bespeaks the respect in which 
Professor Kretschmer is held not only in Germany but 
in other countries also. It is noteworthy that, as Pro- 
fessor Maintz points out in his prefatory eulogy, all the 
works on which Kretschmer’s reputation is founded— 
including the studies of “‘Sensitiver Beziehungswahn’’, 
hysteria, genius, physique, and medical psychology— 
were written between his 25th and 35th year. Psychiatry 
profited much from that youthful burst of productivity. 


The Innervation of Muscle: A Biopsy Study. By 
C. Céers and A. L. Woolf. (Pp. xv + 149 ; 281 figures. 
42s.) Oxford: Blackwell Scientific Publications. 1959. 


The histology, and consequently the histopathc!ogy, of 
the peripheral nervous system has lagged grievously 
behind that of the central nervous system. Various 
pathological changes in peripheral nerve endings have 
been known about for many years; yet the search for 
these changes in biopsy specimens has not become part 
of the neuropathologist’s routine employment. 

The reason for this lies largely in the technical diffi- 
culties of examination. In the case of neuromuscular 
diseases, it is usual to infer the presence or absence of 
neural disease from the appearance of the muscle fibres; 
and the results are generally recognized as unsatisfactory. 
Céers and Woolf have tackled this deficiency by the use 
of new techniques, and by the adaptation of older ones. 
These include silver impregnations; intravital staining 
with methylene blue; histochemical demonstration of 
cholinesterase at motor end-plates; and _ electron 
microscopy. 


The present book gives details of the authors’ tech. 
niques, and descriptions of their findings in normal 
muscle and in a wide range of neuromuscular diseases, 
Although the number of cases they have examined of the 
less common diseases is not large, they make it very clear 
that it is often possible, using their methods, to arrive at 
useful diagnoses which could not be made by ordinary 
histological techniques. This is exciting pioneer work: 
it remains to consolidate, and to devise routines which 
are sufficiently economical in time and money to bring 
motor-point biopsy within the scope of the 
specialist pathologist. 


non- 


Speech and Brain-Mechanisms. By Wilder Penfield and 
Lamar Roberts. (Pp. xiii + 286; illustrated. 35s.) 
Princetown University Press (London: Oxford Uni- 
versity Press). 1959. 

Dr. Penfield describes his hypothetical centrencephalic 
system as “that central system within the brain-stem 
which has been, or may be in the future, demonstrated 
as responsible for the integration of the functions of the 
hemisphere”. ‘This system is responsible for conscious- 
ness and consciousness disappears with the interruption 
of function of the centrencephalic system.” The highest 
level of integration is thought to be located in the brain- 
stem and the discovery of the general ‘“‘non-specific” 
effect of the reticular system is described as a “most 
important beginning of anatomical confirmation” of this 
theory. These are provocative views which will not be 
accepted by everyone, for it has always been dangerous 
to pick out one part of the brain as being more important 
than another for, indeed, the whole conception of levels 
of function is very suspect. 

To pass however from the controversial aspects of 
these studies, Dr. Penfield’s experiences of stimulating 
epileptic foci in the temporal lobe are of very special 
interest. Operations of the speech area with cortical 
stimulation under local anaesthesia are described and 
they add important new information about the anatomical 
boundaries within which the speech function operates. 
Many interesting cases of cortical excision are described 
but of necessity the brains of these patients were already 
abnormal, and this makes it difficult to interpret the 
significance of any deficit or lack of deficit which follows 
a localized excision. The analysis of aphasia and 
handedness comes to the conclusion that there is “no 
difference in the frequency of aphasia after operation on 
the left hemisphere between the left- and right-handed”. 
In the discussions on how the brain works the argument 
is not always easy to follow, but any doubt about the 
theories should not distract attention from the very 
important observations that have been made on the 
operating table. 
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BOOK REVIEWS 


The ffect of Pharmacologic Agents on the Nervous 
system, Volume XXXVII. Proceedings of the Associa- 
tion for Research in Nervous and Mental Disease. 
Edited by Francis Braceland. (Pp. xi + 488; 124 
figures, 34 tables. 108s.) London: Bailliére, Tindall 
and Cox. 1959. 


This 37th volume of the Association for Research in 
Nervous and Mental Diseases series illustrates the current 
interest in chemical aspects of nervous activity. It 
illustrates also the very considerable lacunae in our 
knowledge of this subject, both the grosser aspects of 
distribution and anatomical site of action of neuro- 
pharmacological substances, and the finer details of 
their mode of action on the cell. Such wide ignorance 
at any rate offers equally wide opportunities for over- 
coming it: and several sections of this volume illustrate 
how this is being done. An excellent example of this is 
Dr. Woodbury’s article on the pharmacology of anti- 
convulsants. In an interesting paper he looks not only 
into the pharmacology but also into the cytochemistry 
of some of the drugs he is discussing. The book is well 
worth reading for its sections on the basic science of 
neuropharmacology (physiology, biochemistry, and cyto- 
chemistry). The more purely clinical sections are less 
rewarding, but this simply reflects a present phase in 
the development of medical science. 


Radiographie du Crane et de la Face dans La Maladie 
de Paget. By J. A. Liévre and H. Fischgold. (Pp. 132; 
75 figures. Fr. frs. 4,000.-.) Paris: Masson. 1959. 


The authors have seen 389 cases of Paget’s disease in 
a little over 10 years, and they have selected as the basis 
of this book 75 cases in which the diagnosis is certain 
and the radiographic examination is exceptionally 
thorough. They describe and illustrate with radiographs 
various stages of Paget’s disease involving the vault, the 
base, the petrous bone, and the face. The basilar in- 
vagination that can occur is well shown. The description 
is clear, and the standard of production good. 


Diagnose und Differentialdiagnose in der Schadel- 
rontgenologie. By Ernst G. Mayer. (Pp. vi + 600; 376 
figures. 330s.) Vienna: Springer-Verlag. 1959. 


This book contains copies of nearly 400 radiographs 
of the skull affected by various diseases and injuries. 
For the neurologist and neurosurgeon the absence of any 
air pictures or arteriograms is somewhat perplexing, but 
to some (especially ear, nose, and throat surgeons), this 
will be a useful work of reference. The quality of the 
illustrations is good though, unfortunately, they can never 
be as clear as the original film. The legends to the 
illustrations include translations into English, French, 
and Spanish. 


Peripheral Facial Palsy: Pathology and Surgery. By 
Karsten Kettel; Foreword by Terence Cawthorne. 
(Pp. 341; 127 figures. 120s.) Oxford: Blackwell 
Scientific Publications. 1959. 


Or. Kettel is a well-known authority on the surgical 
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aspects of facial paralysis and this monograph will be 
read with interest by neurologists. The section on nerve 
grafting is of special interest, but in reporting the ad- 
vantages of surgery in Bell’s palsy the argument is often 
difficult to follow. Many of the illustrations “*before” 
and “after” operation are most misleading, for un- 
fortunately the movement illustrated is often different 
(e.g., Fig. 48). Again, in Fig. 49, the interval between 
operation and photographs C and D is not given. 

Some meaningless phrases have an unfortunate effect 
on the reader, as on p. 137. . . . “We know that the 
faradic response is considered by many authors an un- 
reliable indicator for operation’’. It is also disappointing 
that the physiological features resulting from branching 
of regenerating axons are not considered in more detail. 


Neurological Complications of Lymphomas and 
Leukemias. By Henry M. Williams, Henry D. Diamond, 
Lloyd F. Craver, and Herbert Parsons. (Pp. viii + 134; 
6 figures. 43s.) Oxford: Blackwell Scientific Publica- 
tions; Springfield, Illinois: Charles C. Thomas. 1959. 


This short monograph is based on the records of 5,778 
patients suffering from lymphoma or leukaemia treated 
at the Memorial Center for Cancer and Allied Diseases, 
New York City, between 1926 and 1956. Thirteen per 
cent of these patients had neurological involvement, the 
most important being compression of the spinal cord. 
A good factual account is given of the various neuro- 
logical complications, including the occurrence of torula 
infection of the meninges in Hodgkin’s disease and 
leukaemia. The previous literature on the subject is 
commented on and there is a comprehensive list of 
references. This is an excellent and useful account of 
the subject but the price of the book is high. 


Les Médicaments du Systéme Nerveux Cérébro- 
Spinal. Edited by F. Mercier. (Pp. 538; 25 figures.) 


Fr. frs. 5,800 Paris: Masson. 1959. 


This is a comprehensive account by a number of 
authors of the composition, pharmacology, and clinical 
uses of drugs which influence the central nervous system. 
In addition to the drugs commonly used in clinical 
neurology, drugs used in psychiatric practice and local 
and general anaesthetics are also discussed in considerable 
detail. This book should be of real value to clinicians 
who want to know more of the pharmacology of the 
drugs they use. 


Curare and Curare-Like Agents. Proceedings of Inter- 
national Symposium, Rio de Janeiro, under the auspices 
of UNESCO. Edited by D. Bovet, F. Bovet-Nitti, and 
G. B. Marini-Bettdlo. (Pp. 478; illustrated. 85s.) 
Amsterdam: Elsevier Publishing Co.; London: D. Van 
Nostrand. 1959. 


An international symposium on curare and curare-like 
agents was held under the auspices of U.N.E.S.C.O., 
and the proceedings are reported in this book. More 
than a third of the book is devoted to the naturally 
occurring curares, their chemistry, their geographical 
distribution, and their use by Indians. Curare was 
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principally used on blow-pipe darts. These darts were in 
themselves insufficient to do much damage, but when 
poisoned they enabled smaller animals and birds to be 
killed in silence. They were almost as efficient as shot 
guns, and as they did not scare the game a number of 
animals could be killed from a single flock. Spears, 
arrows, and weapons of war were not usually poisoned 
with curare. 

The remainder of the book gives an extensive account 
of the pharmacological and physiological aspects of 
curare and other relaxants, and deals more briefly with 
the clinical applications. Some neurologists will be 
surprised to find that curare is recommended both in 
parkinsonism and in poliomyelitis. 


A Practical Handbook of Psychiatry for Students and 
Nurses, 4th ed. By L. Minski. (Pp. 152. 7s. 6d.) 
London: Heinemann. 1959. 

Dr. Minski’s small text-book continues to provide the 
essentials of psychiatry in a brief and concentrated form. 
It has been generally revised and brought up to date. 
There is a précis of the findings of the Royal Commission 
on the law relating to mental illness and mental deficiency 
and tranquillizing drugs are also discussed. The book can 
be recommended as a concise introduction to psychiatry. 


Molecules and Mental Health. Edited by F. A. Gibbs. 


(Pp. 189; illustrated. 40s.) Philadelphia: J. B. 
Lippincott. London: Pitman Medical Publishing Co. 
1959. 


This volume contains the proceedings of the Second 
and Third Scientific Conferences of the Brain Research 
Foundation; and presumably the inclusion in one 
volume is a matter of convenience rather than similarity 
of subject. The first half of the book deals with the action 
of amines in brain function and behaviour. The second 
half of the book is the report of the papers on the treat- 
ment of hypsarythmia with A.C.T.H. These 
conferences took place in January and March, 1958. 


Maternal Disorders Related to Fetal Stress, Perinatal 
Death and Congenital Defects. Selected References 
1952-58. (15 cents). Washington, D.C.: USS. 
Department of Health, Education and Welfare. 1959. 


This bibliography contains references to over 400 
papers published in the English language which are con- 
cerned with the problems of congenital defects, perinatal 
death, etc., and will be useful to the many who are taking 
an increasing interest in this subject at the present time. 


Second Internationa! Congress for Psychiatry (1957) 
Ziirich. In four volumes totalling 1828 pages. 1959. 

These four volumes have now been published and 
report the Proceedings of this Congress. Participants 


of the Congress who have not received their copy should 
write immediately to M. Bleuler, BurghdGlzli, Ziirich 8. 
The Proceedings may also be purchased by writing to 
Art. Institut Orell Fiissli A.G. Zeitschriften-Abteilung, 
Dietzingerstrasse 3, Ziirich 3, at the price of Swiss 
francs 50. 





BOOK REVIEWS 


Books Received 
(Review in a later issue is not precluded by notice here of books 
recently received) 
Social Psychiatry and Community Attitudes. Seventh 
Report of the Expert Committee on Mental Health 
[Wld Hlth Org. techn. Rep. Ser. No. 177.) 


(Pp. 40, 
ls. 9d.) London: H.M. Stationery Office; Geneva: 
World Health Organization. 1959. 

Disorders of the Temporomandibular Joint. By Laszlo 
Schwartz and 18 contributors. (Pp. xxiii 471: 
168 figures. 105s.) London and Philadelphia: W, B. 
Saunders. 1959. 

Psychiatry in the Medical Specialties. By Flanders 
Dunbar. (Pp. viii + 535. 93s.) London-New York- 
Toronto: McGraw-Hill. 1959. 

Die Cerebrale Gefass-Sklerose. By Hans E. Kehrer. 
(Pp. vili + 238; 17 figures. DM _ 28.-.) Stuttgart: 
Thieme. 1959. 


Cerebral Angiography in the Management of Head 
Trauma. By Charles A. Carton. (Pp. ix + 157: 
44 figures. 52s. 6d.) Oxford: Blackwell Scientific 
Publications; Springfield, Illinois: Charles C. Thomas, 
1959. 

Intracranial Calcification. By Fermo Mascherpa and 
Vincenzo Valentino. (Pp. xxi + 150; 98 figures. 72s.) 
Oxford: Blackwell Scientific Publications; Springfield, 
Illinois: Charles C. Thomas. 1959. 

Neurotische Depression. By H. Vélkel; Foreword by 
G. E. St6rring. (Pp. viii + 116. DM 14.40.) Stuttgart: 
Thieme. 1959. 

Strong and Elwyn’s Human Neuroanatomy, 4th ed. 
By Raymond C. Truex. (Pp. xiii + 511; 363 figures. 
80s.) London: Bailliére, Tindall & Cox. 1959. 





Second International Congress of Neurological 
Surgery 

The Administrative Council of the World Federation 
of Neurological Societies will hold the second inter- 
national neurosurgical congress in Washington, D.C., 
U.S.A., from October i4 to 20, 1961, at the Statler 
Hotel. The business meeting of the Executive Committee, 
which is composed of two delegates from each of the 
member-societies, will be held on Saturday, October 14, 
1961. The Federation is presently’ composed of 25 
national neurosurgical societies representing 50 nations. 
Registration and reception will be on Sunday, October 15, 
1961, and the scientific sessions will be held from Monday, 
October 16, to Friday, October 20. 

Four morning sessions will be devoted to symposia on 
the following topics: 

I. Radioactivity and heavy radiation particles in 
neurosurgery 

II. Space-occupying intracranial lesions 

III. Re-evaluation of surgery in the treatment of pain 

IV. A. Biology of the nervous system. 

B. Hydrocephalus 

All inquiries and correspondence should be sent to 
Dr. Bronson S. Ray, Secretary-General, 525, East 68th 
Street, New York 21, N.Y., U.S.A. 
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RELATIONSHIPS BETWEEN BRITISH AND RUSSIAN MEDICINE 
AND NEUROLOGY, AND THE ROLE OF THE NATIONAL 
HOSPITAL, QUEEN SQUARE, LONDON, IN THE DEVELOPMENT 
OF RUSSIAN NEUROPATHOLOGY* 


BY 


N. I. GRASHCHENKOV 
Moscow, U.S.S.R.+ 


The links between Russian neuropathologists and 
the National Hospital are only a historical and 
logical continuation of the fruitful relationships 
which have long existed between the medical pro- 
fessions in the two countries. These are rooted in 
the distant past. One of the first English doctors to 
visit Russia was Jacob Robert in the sixteenth 
century. He was sent in 1581 by Queen Elizabeth to 
the Russian Tsar, Ivan the Fourth, better known 
as Ivan the Terrible, as a personal physician for the 
Tsar himself, his family, and the Court. In Russia 
at that time there were no European-trained 
physicians, although there were “‘healers”’, most of 
them attached to the monasteries, who, in the treat- 
ment of their patients, made wide use of the 
medicinal herbs in which Russia, with her multitude 
of different climatic and geographical conditions, 
has always abounded. The lore connected with the 
preparation and use of these herbs had come from 
Byzantium and had been considerably extended in 
Kiev Rus. After the fall of Kiev Rus and the 
renaissance of Central Russian Slavdom, this 
experience was inherited by Muscovite Russia. 

England “discovered” Muscovy in the sixteenth 
century through the northern sea route and de- 
veloped extensive trading and, at the same time, 
cultural relationships with Muscovite Russia. These 
relationships were particularly fruitful and extensive 
at the time of Elizabeth and Ivan the Terrible. It 
was at this time that the English physician, Jacob 
Robert, was sent to Russia. He lived there for a 
long period and enjoyed great influence over the 
Tsar. In addition to his activities as a physician, 
Jacob Robert fulfilled various diplomatic com- 
missions, including the negotiations for a match 





_* This paper was prepared for the celebrations to mark the centenary 
of the National Hospital, Queen Square, London. 

+ In choosing historical material for the article, the author was 
helped by his colleagues, Drs. Vein, Hekht, and Fishman. 
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between the Tsar and Lady Hastings. Robert also 
enjoyed Elizabeth’s confidence in equal measure and 
she entrusted him with some very responsible 
diplomatic missions at the Moscow court. Jacob 
Robert became so steeped in the Russian life and 
customs of that time that he was even called by a 
Russian name, Roman Elizarov. 

At the very end of the sixteenth century (1598) 
during the reign of Ivan the Terrible’s son, Theodore, 
another English doctor, Mark Ridley, was sent to 
serve as the Tsar’s personal physician. 

A number of features in the historical develop- 
ment of England and Russia at that time made the 
seventeenth century less favourable for the continua- 
tion of extensive interchanges between the two 
countries. 

From the very beginning of the eighteenth cen- 
tury, however, as a result of the changes wrought by 
Peter the Great in Russia, particularly his intro- 
duction of the European system of training phy- 
sicians, Holland and England were the favourite 
countries from which experienced doctors were 
drawn for training Russians in the Russian medical 
schools, and to which Russians were sent to learn 
medicine or to extend their knowledge of it in the 
universities. Among these Russians, one example 
who might be quoted is Daniel Pischekov, son of a 
priest. He was to train in the medical school of the 
Moscow Hospital founded by Peter the Great. 
After graduation, Pischekov was sent for further 
training to London, Edinburgh, and Aberdeen, 
where he studied obstetrics. Yuri Bakhmetyev 
studied medicine in London and Edinburgh and was 
given a degree of Doctor of Medicine. 

Still wider use was made of British universities 
and hospitals for the medical education and further 
training of Russian doctors in the first half of the 
nineteenth century. As an example, I could give 
the names of just a few outstanding Russian 
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medical men trained in Russia but who went to 
England for further study and trained there in 
preparation for work as professors, in the first 
instance in Moscow University. Thus Professor 
Ilya Gruzinov, the anatomist, at the very beginning 
of the nineteenth century (1801-04) carried on 
postgraduate studies in England under the famous 
anatomist, Willis. After this, Gruzinov returned to 
Moscow and took over and developed the Depart- 
ment of Anatomy and Physiology in Moscow 
University. Another outstanding medical man was 
Ivan Glebov, who graduated from Moscow Uni- 
versity and then trained for a further three years 
abroad in various laboratories, such as Claude 
Bernard’s, and in Bouillaud’s clinic in Paris, the 
laboratory of Johannes Muller in Berlin, and 
Rokitanski’s laboratory in Vienna. In _ 1839, 
Glebov worked in various London hospitals, in 
laboratories of pathological anatomy, in a depart- 
ment of comparative anatomy, and in the laboratory 
of the famous Hunter. During his work abroad, 
particularly in London, Glebov set up what was for 
that time a wonderful collection of comparative 
anatomical preparations covering 500 different 
animals. On his return from abroad, Glebov taught 
human physiology, general and comparative 
anatomy and histology, and also general and special 
therapy in Moscow University. He was the first 
man in Russia to establish and begin the teaching of 
comparative physiology, and he also reformed the 
teaching of general physiology. In particular, he 
introduced a more extensive course of practical 
training, including training in the physiology of the 
nervous system and comparative physiology, and 
brought in the practice of demonstrations being 
given at lectures. His contemporaries classed him 
as an excellent lecturer. Among his many dicta is 
his statement that the teaching and learning of 
physiology must be based on a knowledge of 
physics, chemistry, and natural history. The 
leitmotiv of his statements and personal researches 
was the demonstration of the role of the nervous 
system in regulating the animal and human organ- 
ism. His doctorial thesis, for example, was on the 
theme of ‘‘Mental phenomena from the physio- 
logical, therapeutic and pharmacological points of 
view”. Glebov was subsequently appointed vice- 
president of the St. Petersburg Medico-Surgical 
Academy, as a result of the need for a sharp im- 
provement in its teaching and scientific activities. 
He soon made the Academy into a first-class 
teaching and research establishment. In particular, 
he founded an institute of anatomy and physiology 
and promoted the establishment of various well- 
equipped nervous and mental disease clinics and 
many other teaching and research laboratories. He 
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developed and carried out the idea of training in the 
Academy scientific research workers from the ranks 
of doctors and biologists and of giving further 
training to physicians and to other scientists. This 
new system of training scientific and professorial 
staff within the Academy from among particularly 
gifted students who had graduated from it was 
responsible for the training of a number of out. 
standing Russian professors of medicine, among 
them Vladimir Bekhterev, whose name is well known 
to this audience. Among the pupils of Gleboy 
while he was still at Moscow University we may 
mention Ivan Sechenov, who subsequently founded 
modern Russian physiology of the nervous system 
(he was a forerunner of Pavlov), as well as the out- 
standing clinician, Sergei Botkin. Both were closely 
linked by personal friendship and a unity of ideas in 
their views on science, particularly concerning 
questions of experimental and clinical proof of the 
leading role of the nervous system in physiological 
and pathological processes in animals and man. 
They both developed the concept of “‘nervism”’ (the 
leading role of the nervous system), and the im- 
portance of reflexes in physiology and pathology, an 
idea which guided the experimental research and 
theoretical generalizations of I. P. Pavlov throughout 
his life. After three years’ advanced training abroad 
and while they were still very young, Sechenov and 
Botkin were invited by Glebov to become professors 
in the Medico-Surgical Academy in St. Petersburg. 
They swiftly won great authority and became lead- 
ing professors, Sechenov in physiology and Botkin 
in clinical medicine. Botkin was the leading 
clinician in Russia and not only in Russia, and he 
established at his clinic an experimental physio- 
logical laboratory and called upon the young 
physiologist, Pavlov, who had only just begun his 
scientific activities, to run it. For 10 years Pavlov 
was head of the laboratory and within its walls he 
completed his first stage in physiology, the study of 
the physiology of blood circulation. In_ this 
laboratory, under the direct influence of Botkin and 
Sechenov, the views of Pavlov on nervism were 
formed and consolidated. These were reflected in 
his experimental physiological research on the cir- 
culation of the blood and subsequently in his 
completely new treatment of the physiology of 
digestion (his second stage in physiology). His 
researches were crowned by his work on _ the 
physiology of the cerebral hemispheres or physiology 
of the higher nervous activity (Pavlov’s third stage 
in modern physiology). Consequently, the idea of 
nervism, originated by Glebov, worked upon and 
developed by Botkin and Sechenov, was provided 
with extremely firm experimental and theoretical 
foundations by the brilliant research of I. P. Pavlov 
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RUSSIAN NEUROPATHOLOGISTS AND THE NATIONAL HOSPITAL 


and his many pupils and followers in Russia and 
abroad. 

Another remarkable worker was a contemporary 
of Glebov, Vassili Basov, who also spent one year 
in England (1844) out of three years’ advanced 
training abroad, working in hospitals on general 
surgery, particularly the surgery of the gastro- 
intestinal tract. On his return to Moscow, Basov 
had a decisive influence on the development of 
surgery in Moscow and cther university cities in 
Russia. However, even before he went abroad for 
further training, Basov in 1842 had described a new 
method of forming a gastric fistula with an outlet 
outside the body which made it possible to observe 
the work of the stomach (its motor functions and its 
secretions) which up to that time had been unknown. 
This method was widely used and modified by I. P. 
Paviov and made it possible for him to give a com- 
pletely new interpretation of the physiology of 
digestion. As you know, Pavlov was given the 
Nobel Prize for this work, which he described in a 
book published in 1897. At the same time, this 
branch of research by Pavlov and his pupils proved 
decisive for further research on the physiology of 
the higher nervous activity. A contemporary of 
Basov was yet another outstanding Moscow pro- 
fessor, Aleksei Polunin. After graduating from 
Moscow University he went for four years’ further 
training abroad, over a year of which he spent 
working in various clinics and laboratories in Lon- 
don (1847). After his return to Moscow, Polunin 
founded in 1849 the Department of Pathological 
Anatomy and Pathological Physiology, and in 1869 
the Department of General Pathology. He con- 
sidered that human pathology or general pathology 
must include pathological anatomy, pathological 
physiology, and pathological chemistry. In the 
newspaper Moskovskiye Vedomosti (Nos. 102-104, 
1848), Polunin published a series of articles on the 
medical establishments of Paris and some re- 
markable medical establishments in London. In 
England, Polunin consolidated his broad biological 
views and ideas, which he expressed in his lectures 
on the characteristics of man as a part of nature. 
The ideas of evolution or the development of all living 
creatures were already widely put forward in England 
even before the masterly work by Charles Darwin, 
which included the ideas and research of his pre- 
decessors as well as his own research over many 
years. 

While the links between English and Russian 
medicine were very fruitful and the influence of 
English medicine on the development of various 
theoretical and clinical concepts in Russian medicine 
and neurology was very great, English neuro- 
pathology or neurology in the broad sense of the 
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word had no less an influence on the development 
of Russian neuropathology.* In this case the role 
of the National Hospital, now celebrating an 
outstanding centenary, was very appreciable. To 
confirm this statement, let us turn to Aleksei 
Kozhevnikov (1835-1902), founder of the Moscow 
(and to some extent the Russian) school of 
neuropathologists. 

Graduating in 1860 from Moscow University, 
Kozhevnikov worked in the sphere of clinical 
medicine and began to concentrate his main atten- 
tion on diseases of the nervous system. As early as 
1865 Kozhevnikov wrote his thesis for the degree 
of Doctor of Medical Sciences on the theme of 
tabes dorsalis. Subsequently, Kozhevnikov went 
abroad to gain further experience and in particular 
worked in various neurological establishments and 
clinics. He also worked at the National Hospital, 
devoting great attention to the anatomy, physiology, 
and histology of the nervous system and particularly 
to the organization of neuropathology as an in- 
dependent clinical discipline. In this connexion he 
had a brilliant example to follow in the shape of the 
National Hospital, which at that time was beginning 
to emerge as an independent clinical establishment 
for neuropathology. On the basis of what he saw 
and learnt in London, Kozhevnikov, on his return to 
Moscow, founded two independent clinics, a clinic 
for nervous diseases and a clinic for mental diseases, 
attached to the Medical Faculty of Moscow Uni- 
versity, both of them still existing and active at the 
present time. It is interesting to recall that 
Kozhevnikov who, before his visit to London, had 
worked in a number of laboratories and clinics in 
Germany and France, took the London National 
Hospital as his model for the establishment of 
neuropathology in Russia as an independent clinical 
discipline. Kozhevnikov did not follow in the 
footsteps of his colleagues in Germany and Austria, 
where of course even today combined nervous and 
mental disease clinics still exist and where, especially 
in Germany, neuropathology for a long time re- 
mained within the framework of general therapy or 
medicine (a good example of this is Strumpell 
himself). Kozhevnikov considered that clinical 
neuropathology should be separated not only from 
general medicine as an independent clinical subject 
but also from psychiatry, as the two subjects, despite 
their many common features, have many differences 
in their tasks and methods. In the same way, 
Kozhevnikov considered that clinical neuro- 
pathology should be closely linked with general 
anatomy, with the pathological anatomy and 





*In Russia, we mean by “neuropathology” clinical neurology 
including the neuropathology of nervous diseases. 
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histology as well as the physiology and patho- 
physiology of the nervous system, and that it must 
be based on the comparative anatomy and physiol- 
ogy of the said system. He devoted a great deal of 
work to the establishment of two separate clinics. 
He himself became head of the clinic for nervous 
diseases and entrusted the psychiatric clinic to his 
talented pupil, Sergei Korsakov, who was essentially 
the founder of modern psychiatry in our country 
and whose name the clinic rightly bears. Kozhevni- 
kov became the first professor of neuropathology in 
Russia. In his research work he devoted particular 
attention to the study of the anatomy and histology 
of the nervous system and particwiarly to a study of 
the cells of the cerebral cortex and cerebellum. He 
was also led by his general ideas on the importance 
of the comparative anatomy of the nervous system to 
do a great deal of work on anthropology. As a 
result of these scientific interests, Kozhevnikov set 
up a neurological museum in the clinic for nervous 
diseases, which was remarkable for its period and 
which consisted of preparations on the anatomy, 
histology, and comparative anatomy of the nervous 
system. This museum still exists and bears 
Kozhevnikov’s name. In addition Kozhevnikov 
founded the Moscow Society of Neuropathologists 
and Psychiatrists, and, together with Korsakov, 
started in 1900 the Journal of Neuropathology and 
Psychiatry, which also still exists and is known as 
the Korsakov Journal. Kozhevnikov took an active 
part in international medical and neurological 
activities. In 1897 he was Vice-President of the 
Twelfth International Congress and was elected a 
member of the Vienna Society of Neuropathologists 
and Psychiatrists, and of various scientific bodies in 
his own country. In the sphere of clinical neurology 
Kozhevnikov bequeathed to us a number of classical 
works which still retain their importance. These 
include his work on amyotrophic lateral sclerosis 
and on the type of epilepsy, of which he studied a 
particular form now known as Kozhevnikov’s 
epilepsy. He considered that this form of epilepsy 
was of infectious origin in some way. Only when 
tic-borne encephalitis of viral aetiology was studied 
were a number of research workers in our country, 
including myself, able to establish that Kozhevni- 
kov’s epilepsy was a form of this encephalitis, 
although I do not exclude the possibility that viral 
inflammatory lesions of the brain, especially in 
young patients, may also occur as a residual 
phenomenon of classical Kozhevnikov epilepsy. 
The majority of outstanding Russian neuro- 
pathologists were direct pupils of Kozhevnikov. 
Among them I might name Rot, Darkshevich, 
Minor, and others. Most contemporary Soviet 
neuropathologists were trained in and belong to the 
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Kozhevnikov school. I consider that the facts 
I have listed show the noble role played by the 
National Hospital, now celebrating a glorioy 
anniversary, in the development of Russian 
neuropathology. 

To complete my demonstration of the close ties 
between Britain and Russia in medicine in genera] 
and in neuropathology in particular, I should like 
to give a few more examples. At the end of the 
nineteenth century and the first half of the twentieth, 
there was a very great increase in the numbers of 
short and long visits by scientists and medical 
practitioners, both young and experienced, between 
the two countries to gain further experience, to 
master new methods, to read papers and lectures, 
to take part in anniversary meetings and scientific 
conferences and congresses. The relations between 
those concerned with physiology in general and the 
physiology of the nervous system in particular have 
been and remain particularly fruitful. Everybody 
knows the friendly relationships between Sir Charles 
Sherrington and Nikolai Vvedenski, the neuro- 
physiologist and electrophysiologist. A good 
example of this was that when Sherrington applied 
for the Chair of Physiology at Liverpool University, 
Vvedenski sent in a scientific appreciation of his 
work. These friendly relations between two great 
physiologists were continued between Pavlov and 
Sherrington. Everyone knows what a _ positive 
influence they had on each other in their formulation 
of general neurophysiological laws such as the laws 
of inhibition and excitation, induction, and a num- 
ber of others. The Soviet neurophysiologist Ivan 
Beritov worked with success in Sherrington’s 
laboratory at Oxford. There were also many 
friendly exchanges between the Russian physiologist 
Alexander Samoilov and Professor Adrian, now 
Lord Adrian. From 1911 to 1912 in the Cambridge 
Physiological Laboratory, Pavlov’s senior pupil, 
Leon Orbeli, worked successfully under Langley’s 
leadership. Orbeli afterwards became one of the 
leading Soviet physiologists. It is well known that 
Langley’s teachings on the sympathetic system were 
extensively developed by Orbeli and made an integral 
part of modern physiology and clinical medicine. 
Among other things Orbeli laid the foundations of 
neurohumoral physiology on the basis of the work 
of Levy and Dale. Leon Orbeli and many of his 
predecessors who studied in Britain developed the 
theory and methods of comparative physiology of the 
nervous system and embodied Darwinian ideas of 
evolution and development in physiology and 
pathology. Before devoting himself entirely to new 
branches of physiology, and before he went to work 
in Langley’s laboratory, Leon Orbeli, after gradu- 
ating from the Academy of Military Medicine, had 
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served as a medical officer in the Navy and then, 
when working at Cambridge, regularly visited the 
National Hospital in London, attended the lectures 
there, and took part in case analysis. The author 
of this article is indebted to Leon Orbeli, his adviser 
and mentor, as, when he went to work in Pro- 
fessor Adrian’s electrophysiological laboratory in 
Cambridge in 1935-36 he, like Orbeli, visited the 
National Hospital regularly every Thursday, 
attended the lectures there, and took part in case 
analysis. Consequently, in his development as a 
clinical neurologist, he is likewise very much in- 
debted to the National Hospital, now celebrating 
its anniversary, and to Gordon Holmes and others, 
its leading workers of that time. As a neuro- 
physiologist, bringing this branch of neurology into 
line with the tasks of modern clinical practice, he 
is much indebted to Lord Adrian and his pupil 
Sir Bryan Matthews. 

I have quoted numerous facts concerning the 
links and mutual relations between British and 
Russian medicine, physiology, and neurology, and 
| would like to end by generalizing to some extent, 
and in particular by pointing out the basic tendencies 
adopted by Russian scientists from their British 
colleagues and which, in many respects, have 
become part of the general achievements of medical 
science and neurology all over the world. 

(1) The general biological concept, and particu- 
larly the notions of evolution in biology, medicine, 
and neurology, both in the pre-Darwin time during 
his creative life and, subsequently, during the lives 
of many of those who continued his work in various 
countries of the world, including Russia. 

(2) Comparative anatomy and physiology in 
general and the anatomy and physiology of the 
nervous system in particular, including the anatomy 
and physiology of the autonomi¢ cr vegetative 
(sympathetic and parasympathetic) nervous system. 

(3) Numerous facts indicating the importance of 
the nervous system in the mechanism of physio- 
logical and pathological processes in animals and 
man subsequently developed in Russia into a 
harmonious system showing the leading role of the 
nervous system in the processes mentioned. 

(4) On the basis of a new technique (radio valves) 
as a result of interpenetration and creative associa- 
tion between Russian and British electrophysiologists 
the study of new data on the biological or electrical 
currents in the sense organs, in sensory and motor 
nerve endings, the spinal cord, and the brain in 
animals and man. 

(S) The application of all the facts mentioned 
to current requirements in the clinical practice of 
nervous diseases, particularly for improving diag- 
nosis by means of instruments, objective checks on 


2 


189 


the outcome of therapy, and objective prognosis 
and assessment of residual conditions. 

All this is characterized by the skilful accumula- 
tion of experimental and clinical facts and their 
wide generalization for the purposes of neurology, 
primarily on the basis of evolutionary ideas. The 
careful accumulation of experimental and clinical 
facts, together with a cautious attitude towards 
them and a skilful evaluation and generalization of 
them, typical of the work of our British colleagues, 
was taken over from them in its entirety by research 
workers in our country. It is well known how 
cautiously I. P. Pavlov approached facts and what a 
high value he set upon them. It was he who used 
the striking phrase “I present to you Mr. Fact. Take 
off your hats to him!” Without the careful and 
sometimes tedious accumulation of facts and their 
analysis, it would have been impossible for the 
generalizations mentioned above to be made and to 
become a basis of all our further experimental and 
clinical work, nor would the facts have been so 
unshakable if new proofs in support of them had 
not been found at every further stage of research. 

The mutual influence between the two countries 
goes far beyond mere personalities and personal 
relationships at various points of history. The role 
of scientific laboratories and clinical establishments 
has been extremely great, particularly in the training 
of international cadres, in the dissemination of 
scientific and clinical literature, in the convening of 
scientific and clinical symposia, conferences, and 
congresses and in the participation in such meetings 
of scientists from the various countries. In this 
connexion the National Hospital, whose glorious 
anniversary we are now celebrating, has played an 
extremely important part, and a truly international 
one. In the second century of the life of this re- 
markable neurological institution, we anticipate that 
it will play an even greater role in the formation and 
development of theoretical and clinical neurology 
both in our country and on an international scale. 
At the present day, when the distance between the 
countries furthest away from one another in the 
geographical sense has been reduced to a small 
number of hours—10 at most—and social and 
economic conditions no longer appear to be an 
obstacle to close cultural and scientific relations, 
both direct personal contacts and numerous indirect 
contacts will increase in numbers. 

For ail the healthy criticism of neurological 
expansionism in modern medicine and physiology, 
one fact established and confirmed by our British 
and Russian predecessors remains unshakable, the 
fact that the nervous system plays a leading role in 
the physiology and pathology of animals and man. 

Despite the importance of this role, as a result of 
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the natural tendency to attach greater importance 
to physico-chemical and biochemical changes in 
physiological and pathological processes, the nervous 
system itself, at its highest level, that is, in the brain, 
is gradually being regarded as a more and more 


complex physico-chemical aggregate. Never'heless 
even in this case, the nervous System retains jt. 
trigger function, its corrective and, to a considerable 
degree, its organizational role in the Processes 
mentioned. 
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BAILLARGER AND JACKSON: THE PRINCIPLE OF 
BAILLARGER-JACKSON IN APHASIA* 


BY 


Th. ALAJOUANINE 


Paris 


For a French neurologist whose neurological 
training has been carried out at the school of the 
Salpétriére, Paris, Queen Square seems to be, in a 
certain way, London’s Salpétriére. This assumption 
may be partly true, since these two famous hospitals 
have been for years dedicated to the nursing and to 
the study of the diseases of the nervous system, and 
both have a rich and peculiar tradition and are 


_ proud to have inscribed great names in the golden 


book of neurological knowledge: on one side may 
be quoted the names of Hughlings Jackson, William 
Gowers, Victor Horsley, Kinnier Wilson, and on the 
other side the names of Charcot, Paul Broca, 
Déjérine, Pierre Marie. But it would also be easy 
to prove the comparison to be partly erroneous as 
many differences may be noticed in the organization 
and the orientation of the two great centres, which 
are not only demonstrated by the fact that Queen 
Square is now an institute of neurology, whereas 
the Salpétriére has not yet the same advantage. 

Meanwhile, there always have been and there are 
still many spiritual exchanges between British and 
French neurology, though they appear less im- 
portant, of course, than those which exist between 
Queen Square and the schools of English-speaking 
countries. It is concerning one of the first con- 
nexions between Queen Square and the Salpétriére 
that | would attempt today a short evocation in this 
personal commemoration of the centenary of Queen 
Square. I shall speak of a remark made in 1865 by 
Baillarger and of the way Hughlings Jackson 
recognized its importance, giving to this subject an 
extraordinary development. These two connected 
works have brought, in my opinion, one of the most 
valuable interpretations of the physiopathology of 
aphasia. As this connexion appeared in 1865, this 
reminder would also be a sort of centenary 
recollection. 

Baillarger, a physician at the Salpétriére, already 
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* This paper was delivered on June 21, 1960, during the celebrations 
to mark the centenary of the National Hospital, Queen Square, 
London. 


well known by his work on the histology of the 
cerebral cortex and on hallucinations, took part in a 
long discussion that occurred in 1865 at the Medical 
Academy of France on the occasion of a report read 
by Lelut about the work of Dax who, 30 years before 
Broca, had ventured to locate speech in the left 
hemisphere of the brain; many opinions were 
ventilated during the long meetings necessary to get 
through this discussion, which lasted for many 
weeks. In a short, but substantial intervention, 
Baillarger drew attention to the manner aphasic 
patients may in certain conditions pronounce words 
they are unable to utter in ordinary circumstances. 
This important remark did not seem to have given 
rise to any valuable commentary. However, this 
was not the case on the other side of the Channel as 
we shall see in the writings of Jackson. 

Here is the quotation (which I translate from the 
French) of the most significant lines of Baillarger’s 
paper: 

“During the observation of aphasic patients, you 
may notice this singular phenomenon, that it is im- 
possible for them to pronounce certain words when 
they try to do so, even when they put in action all their 
will power, on the contrary, a moment after, they are 
able to pronounce the same words in an involuntary 
fashion; so, there is in these patients loss of voluntary 
motor action and a persistence of spontaneous motor 
action. 

These remarks did not escape the acute attention 
of Hughlings Jackson who did not fail to attribute to 
Baillarger the importance of such an observation: 
Jackson, indeed, always with courtesy and loyalty 
rendered unto Caesar that which was due to Caesar; 
he never neglected to ascribe any minor fact he 
utilized to its proper author, even when a single 
blade of corn gathered by him had given birth in his 
hands to a rich harvest, so, a year after, in 1866, a 
paper was published in the Medical Times and 
Gazette, under the title “‘Notes on the Physiology 
and Pathology of Language: Remarks on those Cases 
of Disease of the Nervous System in which Defect 
of Expression is the Most Striking Symptom”, he 
wrote: 
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*““M. Baillarger has already, I find, considered this 
question in an admirable manner. He says (the quota- 
tion is in French so I leave it in French): ‘L’analyse 
des phénoménes conduit a reconnaitre, dans certains 
cas de ce genre, que l’incitation verbale involontaire 
persiste, mais que l’incitation verbale volontaire est 
abolie. Quant a la perversion de la faculté du langage 
caractérisée par la prononciation de mots incohérents, 
la lesion consiste encore dans la substitution de la parole 
automatique a l’incitation verbale volontaire’. In the 
following sentence a propos of a particular case, he 
spoke in more general terms: ‘Il est bien évident 
qu’ici l’incitation motrice volontaire était abolie et que 
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lincitation motrice spontanée persistait’. 

But it is especially in the second of the three 
famous papers published in Brain in 1879-1880, under 
the title “‘On affections of speech from disease of the 
brain’, that Hughlings Jackson specifically recog- 
nized what he called Baillarger’s principle, and gave 
a full and exhaustive demonstration of its im- 
portance. The footnote at the beginning of this 
paper may be quoted, as it shows how true is what 
I said before about his scrupulous quotations: 

“IT should like to remark that one very general con- 
clusion to which the several facts so far stated and 
facts afterwards to be stated, point, was in principle 
long ago formulated by M. Baillarger. So far back 
as 1866, in the Medical Times and Gazette, | made 
the following quotations from his writings, which I 
now reproduce [here is the same quotation as before, 
at that time in French] .. . I ought to have repro- 
duced his quotation in the first instalment of this 
article, as evidently I am following pretty closely the 
principle this distinguished Frenchman has laid down. 
I fear M. Baillarger’s acute remarks have attracted 
little attention, and I say with regret that I had for- 
gotten them. I do not remember from what book I 
took the quotation.” 

If the remarks of Baillarger have not been lost in 
the long and immoderate discussions of the French 
Medical Academy we owe this to Hughlings 
Jackson. But it would not be enough to thank him 
for this resurrection; the way he has developed what 
he has called “Baillarger’s principle’, giving an 
admirable series of examples for his illustration and 
extension, and the manner it has been integrated 
within the Jacksonian thought, are of such im- 
portance that one must not continue to speak with 
him of Baillarger’s principle but of the principle of 
Baillarger-Jackson, as proposed a long time ago, in 
different papers, with Ombredane and Mozziconacci. 

It is not possible to give more than a short abstract 
of the facts and ideas Hughlings Jackson has brought 
to light in this field of expression in aphasia. Every- 
one knows what an admirable study he made on the 
utterances of aphasic patients, which he divided into 
two classes, recurring and occasional; to recall 
some of these observations will be the best way to 
emphasize the significance of what we call the 
Baillarger-Jackson principle. 

An utterance, Jackson has said, “‘is or is not a 
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proposition according as it is used”. This is one 
of the keys he offers to analyse the utterances of 
aphasic patients and the first demonstration he gaye 
is the way these patients are able to use the simple 
words “‘yes”’ or “no”. He describes different cases: 


“(1) The patient may utter yes or no, or both, in 
different tones, merely according as he is thus or thys 
excited; it is therefore not a proposition, but ap 
interjection, a mere vehicle for variations of voice. 
expressing a feeling. (2) He may have this service of 
the words and be able also to reply with them: the 
latter is a propositional use of them”’. 


In such cases Jackson observed that there is evidence 
that emotional language is not affected, but, as “to 
speak is to propositionize”’, according to the famous 
Jacksonian sentence, in the first group we have only 
verbal utterances devoid of propositional function, 
and so is established the law of dissociation between 
emotional and propositional uses of speech. 

In the second class, occasional utterances, Hugh- 
lings Jackson found three different conditions: 
(1) Utterances which are not speech (oaths, inter- 
jections) which are also parts of emotional language, 
ranging from ‘“‘oh!’’, ‘‘ah!"’, ““Dear me”’, to “God 
bless my life’; (2) utterances which are speech, but 
inferior speech: ‘‘they are of the same order’’, wrote 
Jackson, “in so far as they show conservation of 
automatic with loss of voluntary action”: _ the 
examples given here are well known: “merci” in 
Trousseau’s case, “good-bye”, “take care”. 
These words are produced under conditions of 
situation or circumstance; it is an inferior speech, 
“old speech” or “ready made speech’’, as Jackson 
called them; their occasional appearance, the im- 
possibility for the patient to reproduce them when 
asked to repeat them, are also proofs of the lack of 
voluntary action; (3) utterances which are real 
speech with intellectual value. 

The analysis of these different conditions, essen- 
tially based on an acute observation of facts, is 
fundamental to the Jacksonian interpretation of the 
physiopathology of speech disorders. Loss of 
voluntary incitation and conservation of the 
spontaneous one was the deduction of Baillarger; 
Jackson went farther and deeper: dissociation in the 
uses of speech, and more precisely, dissociation be- 
tween emotional and intellectual language, between 
inferior and real speech, so fully completes the 
principle proposed by Baillarger, giving at the same 
time a demonstration of the impossibility of in- 
terpreting the lack of words of aphasic patients by 
an amnesic explanation. 

In several papers, particularly in a paper pub- 
lished five years ago in Brain (it was a Jackson 
Memorial Lecture), I have shown how striking is the 
evolution of aphasia in cases of progressive im- 
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provement as it offers another demonstration of the 
Baillarger-Jackson principle. During the regression 
of permanent verbal stereotypy one may note the 
increasing influence of the will. After the first stage 
where all voluntary speech is abolished and only a 
fixed and automatic verbal expression exists; later, 
as speech becomes more differentiated, the auto- 
matic utterance is checked by voluntary speech as the 
latter reappears. In agrammatism, which is often 
the end of such evolution, the same evolutive dis- 
sociation is found: voluntary speech shows agram- 
matism but ready-made or emotional automatic 
speech escapes such syntactic disorder. One could 
also demonstrate in the regression of jargon aphasia 
the substitution of voluntary influence for the 
loquacious, uncontrolled expression of these 
patients. A confirmation of Baillarger-Jackson’s 
principle may also be found in the condition which 
may facilitate the uttering of deficient vocabulary: 
emotion is one of the most frequent of these features. 
The best example I had the occasion to observe was 
the case of an aphasic lady I examined in the presence 
of her daughter. When I asked this patient to tell 
me the Christian name of her daughter, she could not 
find it, and terribly upset, suddenly in a burst of 
emotion she said: ‘‘My poor Jacqueline, now I don’t 
know your name any longer!’” The name she could 
not utter voluntarily appeared easily in circumstances 
of intense excitement. 


We do not know what is will in neurophysiological 
terms; we know how imprecise is what we call 
automatism. Meanwhile the dissociation between 
voluntary action and spontaneous action is a striking 
feature in diseases of the central nervous system, 
and especially in aphasia. Of course, we do not 
believe that it affords a complete explanation of 
aphasia, if there ever is one. But, it is surely one 
of the most important facts for the understanding of 
disorders of language, as Baillarger showed a 
century ago and as the genius of Hughlings Jackson 
has perfectly and fully amplified. 

This short incursion into the history of aphasia in 
the company of the French physician of the 
Salpétriére and the great physician of Queen Square, 
if it has the value of recording an historical Anglo- 
French event, intends, in my mind, to offer a tribute 
of gratitude and admiration to one of the greatest 
men of Queen Square. At the same time I wish it to 
affirm the permanence of friendship between French 
and British neurological schools. May I, to end, 
recall that I have had the honour. and the pleasure of 
giving several lectures at Queen Square, and say 
that I owed this favour to the kindness of Sir Francis 
Walshe and Dr. Macdonald Critchley. But, so 
narrow have been my relations with Queen Square, 
I must confess it has not been enough to improve my 
continental accent, for which, having no anosog- 
nosia, I am sorry and wish to apologize. 
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TUMOUR CELLS IN THE CEREBROSPINAL FLUID 


BY 


VINCENT MARKS AND DAVID MARRACK 


From the Department of Chemical Pathology, Institute of Neurology, The National Hospital, 
Queen Square, London 


The study of the cellular content of the cerebro- 
spinal fluid (C.S.F.) from patients with diseases of 
the central nervous system, especially cerebral 
tumours, has required the use of a technique in 
which cell cytology is well preserved. 

A newly developed method for preparing smears 
of the concentrated cells suspended in bovine 
albumin fulfils this requirement and has been used 
for the routine examination of these cells in con- 
junction with Leishman’s stain. 

During the course of studying preparations made 
from normal cerebrospinal fluid and from fluids 
obtained from patients with known lesions of the 
central nervous system we recognized three cell 
types, suggesting they be called M, G, and lympho- 
cyte cells (Marks and Marrack, 1960). 

In some of the pathological fluids additional cell 
types, which were readily recognizable, such as 
polymorphs, eosinophi's, and plasma cells, appeared. 
In a few preparations, cells which fulfilled the 
criteria reviewed by Spriggs (1954) for neoplastic 
cells in the cerebrospinal fluid were seen and they 
had features very similar to those described for 
neoplastic cells in bone marrow (Undritz, 1952), 
peripheral blood (Pruitt, Hilberg, and Kaiser, 1958), 
and serous exudates (Spriggs, 1957). 

When it is considered justifiable to do a lumbar 
puncture, the routine search for tumour cells in the 
fluid obtained is rewarding since their recognition, 
although implying a hopeless long-term prognosis, 
may save the patient the rigours of further investiga- 
tions. In a few cases it may lead to the institution 
of therapy, which although only palliative, may 
restore to the patient a useful life of up to several 
years (Heathfield and Williams, 1956). Infrequent 
sporadic reports of cases in which neoplastic cells 
were recognized in the cerebrospinal fluid have 
appeared in the literature since Dufour (1904) re- 
corded their first recognition. A large proportion 
of these earlier cases were recognized by the finding 
of clumps of cells in the counting chamber while 
making a routine cell count or by the wet film 
technique. This infrequency would seem not to 


be due to the rarity with which tumour cells are 
exfoliated into the cerebrospinal fluid, but to the 
difficulty in making preparations suitable for their 
identification. 


This paper records our experiences in 21 cases in 
which abnormal cells, considered to be neoplastic, 
were identified in the cerebrospinal fluid on one or 
more occasions. 


. Methods and Material 


Smears were made from the spun deposit obtained 
from all fresh specimens of cerebrospinal fluid sent to 
the laboratory for routine examination which contained 
more than 5 cells/mm.* during a period of 14 months by 
the following method. 

The fluid remaining after a cell count has been made 
is placed in a conical centrifuge tube and spun at 
3,000 r.p.m. for at least 10 minutes. The supernatant is 
tipped off by inverting the tube rapidly, and is used for 
determining protein, glucose, Wassermann reaction, etc. 
The inverted tube is placed mouth downwards on a piece 
of filter paper for 10 to 30 minutes so that all excess fluid 
is removed. 

With a fine-bore Pasteur pipette (internal diameter 
about 0-5 mm.) 3-4ul. bovine albumin (Armour 30%)" 
is introduced and thoroughly mixed with the deposit by 
gently tapping the bottom of the tube. (Recently we 
have obtained improved results by adding E.D.T.A-* 
(0-1 °{) to the bovine albumin.) This fluid containing the 
suspended deposit is taken up in the same pipette and 
placed on one or two glass slides previously washed in 
alcohol and dried. Smears are then made in exactly the 
same manner as employed for blood, using the edge of a 
slide as a spreader. 

The films are dried as quickly as possible in air, fixed 
and stained with Leishman. Care must be taken not to 
blot or wipe the films once they have been stained. They 
may be kept indefinitely if mounted immediately in 
Gurr’s neutral mounting medium} which does not cause 
fading or alteration of the colour of the stained cells. 

An alternative method for use when there is a ver) 
heavy deposit, as for instance in cases of purulent 





*Armour Laboratories, Hampden Park, Eastbourne, England 

+E.D.T.A. (disodium ethylene diamine tetra acetic acid), L. Light 
& Co. Ltd., Colnbrook, Bucks, England. 

tG. T. Gurr, Ltd., 136 New Kings Road, London, S.W.6, England. 
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TUMOUR CELLS IN THE CEREBROSPINAL FLUID 


meningitis, is to suspend the initial deposit in about 
0-5 ml. of 10% bovine albumin and recentrifuge. Excess 
albumin is poured off and the tube left to drain for a few 
minutes only. The deposit is then taken up and smeared 
4s before. This modification is necessary because it has 
been found that the natural stickiness of the white cells 
plus concentrated albumin mak:s the preparation of 
satisfactory slides impossible by the former method 
(Marks and Marrack, 1960). 

Cells were counted and the protein concentration 
estimated in these fluids by the methods described by 
Greenfield and Carmichael (1925) and the glucose by a 
glucose-oxidase method (Marks, 1959). 


Results 


The findings in cerebrospinal fluid in 17 cases are 
summarized in Table I. Four patients (Nos. 3, 9, 12, 
and 16) were known to have had primary malignant 
tumours outside the central nervous system pre- 
viously treated surgically; in one patient (No. 13) 
the diagnosis was made by biopsy at the time that 
the cerebrospinal fluid was taken for examination. 
In a further seven patients (Nos. 2, 5, 6, 8, 10, 11, 
and 14) the diagnosis of neoplasia was made or 
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strongly suspected on cerebrospinal fluid cytology 
before confirmation by biopsy or necropsy was 
obtained; and in four (Nos. 1, 4, 15, and 17) the 
diagnosis has not been confirmed histologically, 
although in two of these patients air studies indicated 
a large suprasellar mass. 


Features of Cells Normally Found in Cerebrospinal 
Fluid.— Fluids containing less than 5 cells per c.mm. 
have been considered normal, and their cells the 
normal constituents of cerebrospinal fluid, and we 
have been able to distinguish three types of cell 
(Fig. 1). 

(1) Lymphocytes.—These are small, round cells, 
about 104 in diameter, in which the nucleus/ 
cytoplasm ratio is very high. The nucleus stains 
densely with blocks of intense chromatin. No 
nucleoli are seen. The cytoplasm stains very faintly 
and may contain azure granules. 

These cells are so similar to lymphocytes in the 
blood that we propose to use this term to describe 
them. They constitute about 10 to 30% of the cells 
present. 


TABLE | 
FINDINGS IN CEREBROSPINAL FLUID FROM 17 CASES CONTAINING NEOPLASTIC CELLS 























No. Date Cells/mm.? Protein/100 ml. Glucose/100 mi. Lange Curve Histology and Remarks 
Lumbar 1 8.5.58 112 90 60 N/C No biopsy, ?medulloblastoma 
Fluids 9.5.58 (V) 31 30 — 
12.5.58 27 50 58 
30.7.58 1 4) 55 N/C 
(after DxR) j 
2 13.8.58 153 200 $2 MZ Astrocytoma Grade 3 
15.8.58 450 300 47 
18.8.58 140 280 56 
20.8.58 69 250 56 
25.8.58 86 280 51 
3.9.58 190 360 62 
3 1.6.58 1 35 — N/C Secondary cancer from breast 
25.8.58 112 130 28 N/C 
4 5.9.58 183 150 — FZ None 
%$ 2.10.58 54 400 21 MZ Secondary cancer from bronchus 
11.10.58 18 450 — 
*6 16.9.57 1 30 — N/C Secondary cancer from parotid 
16.10.58 18 80 — MZ 
31.10.58 24 70 54 MZ 
*7 21.11.58 46 240 17 N/C No neoplasm found at necropsy 
3.12.58 85 280 20 MZ See case history 
8 28.2.59 21 80 14 Medulloblastoma 
28.2.59 24 90 13 
9 18.7.59 4 40 — N/C Secondary cancer from lung 
28.7.59 BI — 9 
28.7.59 (V) 1 30 48 N/C 
Ventricular *10 15.8.58 R. 39 35 49 N/C Melanoma 
Fluids L. 26 40 36 
11 30.8.58 R. 200 450 68 — Astrocytoma 
12 25.9.58 74 25 62 N/C Secondary cancer from stomach 
13 Re 4 ioe 85 a Secondary can:er from bronchus 
14 29.11.58 29 30 -- MZ Astrocytoma 
15 4.12.5 40 35 — MZ No biopsy, suprasellar mass on 
A.E.G. 
16 R. 0 35 FZ Melanoma 
23.1.59 L. 50 30 st 
17 31.7.59 11 15 — MZ No biopsy, suprasellar mass on 
A.E.G. 
N/< No change. FZ = First-zone curve (paretic). Bl = Heavily bloodstained. 
MZ = Mid-zone curve (meningitic). V Ventricular fluid. 


*Repeated in Appendix. 
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Fic. 5 


Fic. 1.—The cell types that occur in normal cerebrospinal fluid. 
The two large cells on the right are typical G cells, the small 
centre cell a lymphocyte, the four remaining cells being M cells. 
Leishman x 800. 


Fic. 3.—A very large cell with two nuclei from the lumbar cerebro- 
spinal fluid of Case 3 with carcinoma of the breast. Leishman 
x 1,120. 


Fic. 5.—Neoplastic cells from the ventricular fluid of a Patient 
(Case 10) with Primary melanosis of the leptomeninges showing 
a high nuclear/cytoplasmic ratio and nucleoli. Leishman x 960. 


Fic. 6 


FiG. 2.—A very large neoplastic cell with nucleoli found in the 
cerebrospinal fluid from a case of primary carcinoma of parotid 
(Case 6) with adjacent red cells. Leishman = 650. 


Fic. 4.—A Syncytical cell from the ventricular fluid of Case 16 with 
Primary melanoma of the eye. Leishman >» 500. 


FIG. 6.—Neoplastic cells from the ventricular fluid of a patient 
(Case 12) with carcinoma of the stomach showing one cell in 
metaphase. Leishman » 340. 
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TUMOUR CELLS IN THE CEREBROSPINAL FLUID 


(2) M_ Cells—These mononuclear (M)_ cells 
superficially resemble lymphocytes but are larger, 
{0-20, and the nucleus stains evenly and much less 
heavily than in the former. The nucleus, which is 
often indented, may contain one or rarely two, 
nucleoli. The cytoplasm is basophilic and never 
contains granules. These cells are the most fre- 
quently found in normal cerebrospinal fluid and 
constitute about 70% of all cells present. 


(3) G Cells—These are large mononuclear (G) 
cells superficially resembling the monocytes of the 
blood. However, they have less densely staining 
nuclei which are often deeply subdivided to almost 
as great a degree as in polymorphonuclear leuco- 
cytes. Unlike the latter there are never any intra- 
cytoplasmic granules present. These cells do not 
asa rule contain nucleoli but may do so occasionally. 

It is important to recognize these cells as normal 
constituents of cerebrospinal fluid as their large 
size (15-302) may lead to the unwarranted suspicion 
of neoplasia. 

We have not found any of the granular cells of the 
blood, i.e., polymorphonuclear, eosinophilic, and 
basophilic leucocytes, in specimens of presumably 
normal cerebrospinal fluid (Marks and Marrack, 
1960). 


Features of Neoplastic Cells in Cerebrospinal 
Fluid.—No unequivocal criteria for the identifica- 
tion of neoplastic cells can be given, but in our 
experience they manifest some characteristic features 
which are present to a greater or lesser extent in each 
individual case. 

(1) (a) They are cells of types not found in the 
normal cerebrospinal fluid and (b) do not have the 
characteristics of well-recognized cell types found in 
some pathological fluids, e.g., polymorphs and 
plasma cells. 

(2) They are usually exceptionally large, being 
greater than 20, and frequently contain two or more 
nuclei; they occasionally may be represented by 
syncytia (Figs. 2, 3, 4). 

(3) The ratio of the area of the nucleus to the 
cytoplasm is often high, and the nuclei frequently 
contain two or more large nucleoli (Fig. 5). 

(4) Active mitosis may be observed in a moderate 
number of the neoplastic cells (Figs. 6, and 7). 

While no single one of the features mentioned 
above is pathognomonic of neoplasia, preparations 
with cells exhibiting all of them can safely be 
considered diagnostic (Figs. 6 and 7). 

More often cells displaying one or even two of 
these characteristics are found, and it is impossible 
to do more than consider the possibility of their 
having a neoplastic origin. We therefore recom- 
men« repeating the examination, preferably with the 


Fic. 7.—A group of cells from the ventricular fluid of Case 13 
with carcinoma of the bronchus, showing a large atypical 
cell and a cell in mitosis. Leishman x 1,184. 


injection of air into the theca before withdrawing 
the fluid (Marrack and Marks, unpublished 
observations). 

Attempts at the diagnosis of neoplasia in the 
absence of at least three of the above criteria are 
unjustified, and may have unfortunate consequences 
in wrong treatment and prognosis. 


Nature of Primary Lesion.—It has not been found 
possible, by this method, to distinguish with any 
degree of certainty between primary and secondary 
tumours of the nervous system, but large cell size, 
basophilic cytoplasm, and intensely basophilic 
nucleus favour a secondary carcinomatous origin 
(Fig. 3). The same difficulty was experienced by 
Cairns and Russell (1931) and by McMenemey and 
Cumings (1959). 


False Negative Results —We have made no 
attempt to determine the relative frequency of 
positive findings in cases of primary and secondary 
neoplastic disease of the central nervous system. 
Undoubtedly, there are many cases in which no 
tumour cells are exfoliated into the cerebrospinal 
fluid, since tumours do not always impinge on the 
subarachnoid space and even in those cases where 
they do, and exfoliate their cells into the cerebro- 
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Fic. 8 


Leishman 


Fic. 8.—Large atypical cell with nucleoli from Case 7. 


x 1,040 


Fic. 9.—Section of cortex and meninges (Case 7) showing non- 
specific granulomatous infiltration with giant cells (cf. Fig. 8). 
Haematoxylin and eosin x 55. 


spinal fluid, it is impossible, as yet, always to 
recognize the smeared cells as neoplastic by the 
methods currently employed. 

In one patient, in whom the diagnosis of car- 
cinomatous meningeopathy was strongly suspected 
clinically during life and confirmed at necropsy, 
cytological confirmation was not obtained despite 
extensive and repeated searching of preparations 
from the cerebrospinal fluid. The technique 
described by Larson, Robson, and Reberger (1953), 
in which tumour cells are swept off the meninges by 
agitation of the cerebrospinal fluid by repeated 
withdrawal and reinjection, has not been regularly 
used, although it would probably reduce the 
frequency of false negative results. 


False Positive Results.—Much more serious is the 
identification of cells as being neoplastic when they 
are not, since the diagnosis of malignancy may lead 
to the withholding of therapy in potentially curable 
conditions. During the 14 months in which this 
technique has been in routine use, cells suspected 
of being neoplastic were found in the cerebrospinal 
fluid of four patients, other than Case 7 reported 


here, and were subsequently considered to have 
other lesions. One had tertiary syphilis, another 
had sarcoidosis, and two were ultimately diagnosed 
as suffering from “encephalitis”. In none were 
more than two of the features described above for 
neoplastic cells observed. Case 7 (see appendix) is 
a good example of the difficulties encountered in 
being certain that grossly abnormal cells are 
neoplastic (Figs. 8 and 9). 


Discussion 


General awareness of the condition in which the 
meninges become infiltrated by metastatic car- 
cinoma (carcinomatous meningeopathy) has led to 
fresh attempts to identify neoplastic cells in the 
cerebrospinal fluid. These have largely been un- 
successful due to the fragility of cells when sus- 
pended in non-proteinacious solutions. Spriggs 
(1954) was able to make suitable dry preparations 
and McCormack, Hazard, Belovich, and Gardner 
((1957) have recorded their experience in 27 cases 
using a wet-film method. The methods of Spriggs 
(1954) and McMenemey and Cumings (1959) may 
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be improved by the addition of a small amount of 
albumin to the suspending fluid as this facilitates 
spreading of cells on slides. Such preparations also 
have the advantage over the wet-film technique of 
permanence and greater ease of identification. 

Localized intracranial tumours, including those 
which may exfoliate cells into the ventricles, are 
usually demonstrated by air studies followed by 
surgical biopsy. Occasionally, however, air studies 
are negative in the presence of such an intracranial 
mass and as a consequence no surgical biopsy is 
made, e.g., Case 6 (Appendix), yet neoplastic cells 
may be found in the cerebrospinal fluid (Fig. 2), and 
it is impossible to know in what proportion of the 
cases meningeal infiltration occurs in addition. 
However, it is in the diagnosis of diffuse carcino- 
matous infiltrations of the meninges, in the absence 
of focal central nervous system signs, and frequently 
with no evidence of a primary lesion elsewhere 
(Appendix, Case 10) that examination for malignant 
cells in the cerebrospinal fluid is most valuable. 
Several excellent reviews of the clinical manifesta- 
tions of the condition have appeared recently 
(Jacobs and Richland, 1951; Fischer-Williams, 
Bosanquet, and Daniel, 1955; Heathfield and 
a 1956) and this aspect will not be discussed 
ere. 

Case 5 illustrates the possibility of overlooking 
neoplastic infiltration of the meninges and cortex 
and stresses the need for a thorough histological 
search of the whole cerebrospinal axis before the 
diagnosis of carcinomatous encephalopathy not due 


Fic. 10.—Section of cortex and 
meninges (Case 5) with car- 
cinoma of bronchus, showing 
localized neoplastic infiltration 
of the meninges in a sulcus and 
unaffected cortex. Haematoxy- 
lin and eosin » 85. 


to metastatic involvement can be _ established 
(Fig. 10 and Case 5 Appendix). 

Certain other findings during examination of the 
cerebrospinal fluid may be helpful in the diagnosis 
of diffuse neoplastic infiltration of the meninges. 
The protein level in this series was often high— 
above 200 mg./100 ml.—and the glucose level 
pathologically low. Of the lumbar fluids in which 
the glucose was estimated, four were below the 
normal limit of 40 mg./100 ml. (Marks, 1960). The 
low sugar level in this type of case (Berg, 1953; 
Bayne and Darby, 1956; McElligott and Smith, 
1958) can lead to the mistaken diagnosis of tubercu- 
lous or fungal meningitis unless the possibility of 
neoplastic infiltration is borne in mind (Murphy, 
1955). This alteration is not invariable in cerebral 
neoplastic disease and has, in our experience, borne 
no direct relationship either to the number of cells 
in the fluid or to the nature of the tumour, being 
found in gliomatous as well as in secondary car- 
cinomatous disease. The cellular elements, with the 
exception of the neoplastic cells, are usually, in our 
experience, of the M variety; polymorphs were 
present in only three of the 17 patients. 

The diagnosis of neoplastic meningeopathy is 
based in the first instance on the identification of 
neoplastic cells in the cerebrospinal fluid. This may 
be very simple when suspicion is high and numerous 
tumour cells are present, such as in Case 3, or very 
difficult when extremely few identifiable cells are 
present, as in Case 6. A thorough search of the 
film, such as is made for tubercle bacilli in suspected 
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tuberculous meningitis, may be necessary before 
the diagnosis can be made. However, it is often 
impossible to do more than report the presence of 
atypical cells and suggest that they may be neo- 
plastic. Platt (1951) reports the results of his ex- 
amination of the cerebrospinal fluid for tumour 
cells in five grades ranging from negative (Grade 1) 
to pathognomonic of neoplasia (Grade 5). Very 
few cases fall into the latter category, in our 
experience. 


Summary 


The cells of the cerebrospinal fluid have been 
examined routinely, using a new technique for 
preparing smears, before staining them with Leish- 
man’s reagent. Cells reported to be tumour cells 
were seen in preparations from 17 patients. Con- 
firmation of the diagnosis was obtained in 12, with 
one false positive. The cytological features of the 
cells have been discussed and reference is made to 
the observation of false positive results in four cases 
outside this series. The technique has proved 
suitable for routine use and of clinical value. Low 
glucose levels were an associated feature in some 
cases. 


We should like to thank the physicians and surgeons 


APPENDIX 


Case Reports 


Case 6 (No. 74533).—This 52-year-old man was first 
admitted to the care of Dr. Macdonald Critchley on 
September 9, 1957, with a history of pain in the left side 
of the face for one year. Both temporomandibular 
joints had been operated upon for trismus, due to 
ankylosis, at another hospital. Temporary improve- 
ment followed but some months later the pain 
recurred and he was admitted to this hospital. At the 
time he was a thin, but otherwise fit man. There was an 
area of hypaesthesia in the distribution of the left fifth 
nerve, and some diminution in the power of the left arm 
with clumsiness of movement. The nasopharynx was 
normal. The cerebrospinal fluid was normal, protein 
30 mg./100 ml. and 1 lymphocyte/mm.* Following 
alcohol injection of the left trigeminal ganglion there was 
marked symptomatic improvement and his pain 
disappeared. 

He was readmitted one year later on September 20, 
1958, with recurrence of facial pain and difficulty in 
swallowing. On this occasion he was an obviously sick 
man with multiple cranial nerve palsies. A smooth mass 
was palpable in the nasopharynx; biopsy only showed 
chronic inflammatory tissue (Dr. W. P. G. Mair). The 
cerebrospinal fluid was colourless and contained protein, 
80 mg./100 ml., and 18 white cells/mm.*. A second 
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specimen two weeks later contained 24 white cells ‘sllow 

Leishman smears showed a small number of huge emen 

atypical cells with enormous nuclei. containing 2 to 4 he wi 

nucleoli (Fig. 2). Air encephalography was normal. uid g 

His illness terminated fatally four weeks later. Post- howe 

mortem examination (Dr. W. P. G. Mair) revealed a nd tl 

carcinoma, arising in the left parotid gland, entirely un- Lur 


suspected during life, which had spread to involve the 
seventh and eighth cranial nerves and was infiltrating the 
meninges. There were no other secondary deposits. 


Case 10 (No. A 49-year-old man was trans- 
ferred from St. Richard’s Hospital, Chichester, under the 
care of Dr. William Gooddy on August 11, 1958, with 
the presumptive diagnosis of posterior fossa tumour. 

He had been well until four months previously, when 
he began to suffer from headaches lasting about 10 
minutes, made worse by lying down. There was bilateral 
papilloedema and slight, fine lateral nystagmus. The 
left plantar response was extensor. 

Ventriculography showed a somewhat enlarged left 
lateral ventricle but no localizing signs. The ventricular 
fluid obtained at this time contained protein, 
35 mg./100 ml., and 39 white cells/mm.* These were 
seen in the Leishman stained smear to be moderately 
large cells, atypical for the cerebrospinal fluid, with 
abnormal nuclei and conspicuous nucleoli (Fig. 5). The 














for the jiggnosis was considered to be one of secondary 
'€ andi cinoma and a course of radiotherapy to the whole 
»rebrospinal axis was given. There was some temporary 
mprovennent but he died six months later at St. Richard’s 
ospital. Chichester. 

Permission for necropsy was limited to the head only. 


Report by Dr. C. H. R. Knowles (February 4, 1959): 


“There was widespread dark brown pigmentation 
of the leptomeninges, symmetrical in distribution. 
Over most .of the cerebellum and temporal lobes, the 
interpeduncular fossa and the inferior surfaces of the 
frontal and occipital lobes, and in the main fissures 
and sulci, the areas of pigmentation were virtually 
confluent. Over the !ateral and superior surfaces of 
the brain the pigmentition appeared mainly in the form 
of small discrete flecks, 1-2 mm. in diameter. There 
was no obvious thickening of the meninges, and 
nothing resembling tumour nodules was found. 

In the most severely affected parts, for example, the 
inferior surface of the temporal lobes, the subarachnoid 
| space appears to be completely obliterated ‘by a diffuse 
” pak. sheet of cells about 300, thick. Nearly all the cells 
are rounded and between 5 and 14, in diameter . 

The pigment fails to give the reaction for free iron but 
has the typical appearance of melanin in a section 
stained by Masson’s method. In a few places collec- 
tions of the abnormal cells extend for a short distance 
into the brain in the perivascular spaces, but no 
infiltration of nervous tissue has oem seen in any of 
the sections... . 
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” In Dr. Knowle’s opinion this was a case of primary 


jiffuse melanomatosis of the leptomeninges. 


Case 7 (No. 82665).—A woman aged 62 years was 
idmitted under the care of Dr. J. St. C. Elkington on 
November 21, 1958. She had been well until July, 1958, 
when she was found to have diabetes mellitus. In the 
yllowing months she developed leg weakness, became 
emented, and complained of failing vision. Elsewhere 
he was found to have a persistently low cerebrospinal 
uid glucose level. On examination at this hospital, she 
howed moderate dementia, the deep reflexes were brisk 
nd the plantar responses extensor. 

Lumbar puncture produced a clear, colourless fluid, 
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protein 240 mg./100 ml., glucose 17 mg./100 ml., 
cells 46/mm.* The Leishman smear revealed a small 
proportion (0-5°%) of big atypical cells containing large 
nucleoli (Fig. 8). No mitotic figures were seen. In 
conjunction with the clinical picture the diagnosis of 
carcinomatous meningeopathy was made. No primary 
neoplasm was found and an A.E.G. revealed only 
moderately dilated lateral ventricles (Dr. H. Davies). 

When heard of in August, 1959 (Dr. N. S. Alcock), 
she was gradually and progressively deteriorating. A 
necropsy was done by Dr. G. Stewart-Smith at Exeter 
on September 7, 1959. The gross appearance of the brain 
was not inconsistent with the firmly held clinical diag- 
nosis of malignant neoplasia and the spinal cord 
was not examined. However, the histology of material 
taken from several areas of granular meningitis around 
the base of the brain showed chronic granulomatous 
inflammation. No caseation was seen though there were 
many foreign body giant cells (Fig. 9). The Ziehl- 
Neelsen-stained sections did not show any acid-fast rods. 
The histological picture was consistent, in the slides 
examined by Professor W. Blackwood, with the diagnosis 
of non-specific leptomeningitis. Dr. Stewart-Smith 
reported that there was no evidence of a primary neo- 
plasm, tuberculosis, or other relevant pathology in the 
other organs in the body. In the face of this evidence our 
cytological diagnosis of neoplastic cells is presumed to be 
wrong. This is the second patient with a condition 
indistinguishable from Boeck’s sarcoidosis of the central 
nervous system whose cerebrospinal fluid has contained 
cells which were considered by us to have three of the 
four characteristics associated with neoplastic cells. 
(No mitoses were seen.) 


Case 5.—This necropsy revealed a primary carcinoma 
of the lung with no macroscopic secondaries. The only 
macroscopic lesion in the central nervous system was a 
tiny, slit-like cavity in the head of the caudate nucleus. 
The meninges appeared normal or, at the most, showed a 
slightly increased opacity in the mid-thoracic region. 
Histologically, they were shown to be extensively in- 
filtrated (Fig. 10) with carcinoma cells (Dr. M. R. 
Crompton). 

















































J. Neurol. Neurosurg. Psychiat., 1960, 23, 202. 





sensidi 
was ea 
time h 

hairs, 

clearer 

IMPROVEMENT IN CUTANEOUS SENSIBILITY ASSOCIATED = 
WITH RELIEF OF PAIN plottir 

pinpri 

BY thoug 

P. W. NATHAN no 

From the Neurological Research Unit of the Medical Research Council, the National Hospital, this in 

Queen Square, London a nor 

enous 

It is often found that when there is a lesion in the __ relieves a constant pain, it may be found that this E “!! 
peripheral or the central nervous system causing relief is associated with an improvement in the Co: 
pain or local tenderness, stimuli applied to the skin sensibility of the affected dermatome; and this F “ay | 
of the affected part are not clearly perceived. The improvement may outlast the duration of the local — Pt! 
clarity of touches with von Frey hairs or cottonwool, effects of the anaesthetic. A typical case in which #8 
the discreteness of pinpricks, the definite perception __ relief of pain has been achieved in this and in various = 
of when a stimulus is applied and when removed— __ other ways is presented first. oe 
these may all be absent. Evidence will be presented Mr. J.H.P.—Some aspects of this case have been (6) 
here showing that when the state of tenderness OF reported by Kibler and Nathan (1960). This patient — ‘ti 
pain is removed, such features of the perception of was complaining of weakness in the right leg and of a | SS 
stimulation may be improved, and that this improve- tingling and burning pain over the anterior aspect of the [| T° 
ment occurs even when a large number of peripheral _ right thigh, which was in the distribution of the cutaneous | Wh¢! 
nerve fibres from the part are put out of action. branches of the femoral nerve. Eighteen months pre- J lum| 
In fact we may have a condition in which a reduction _ viously, Mr. L. S. Walsh had operated for a prolapsed F '¢' 
in the number of conducting nerve fibres results in intervertebral disc between the second and third lumbar else 
an improvement in the sensibility of the part. In ee ped yin 2 to ager te Zz ia 
the most definite ot xamples, there -* diminutio o against the lamina of the third lumbar vertebra; several mid 
in actual sensibility associated with a subjective fragments of the disc were removed. After the operation F cau: 
improvement in perception. the power of the right leg improved, and the diminution | the 
The material illustrating this relation between _ in sensibility became minimal. The relief of pain lasted } fro 
local pain and cutaneous sensibility is now pre- only six to eight weeks; and eventually, 18 months after | __ pas 
sented, grouped in the following manner. The first the operation, the patient was referred by Mr. Walsh to } als 
case shows how the local pain and tenderness could the National Hospital. He was then complaining of a | Du 
be relieved in many ways, and on all occasions where ©°Ntinuous tingling in the skin and a burning pain deep | abc 
relief occurred there was improvement in subjective ms the hag des 7 _ and the ge pege oteges 4 a 
28 sas the right thigh. In the anterior part of the right thigh, inj 
00" at of —- “or The second case shows how there was a raised threshold to all forms of stimulation; mu 
OcKINg a peripneral nerve oa two occasions May most pinpricks were there felt merely as pressure, but a 
cause a lasting improvement in the quality of the very heavy pinprick caused an unpleasant sensation like rel 
sensibility of the affected part. There follows a that of a local electric shock. In the anterolateral part } ar 

group of four cases in which intrathecal injections of the thigh, and in the distribution of the saphenous 

of phenol in ‘“‘myodil’’ or glycerol relieved pain nerve, there was a slight raising of threshold to pinprick - 
due to cancer; this has been associated with sub- and light touch. fe 


jective improvement in sensibility. The final group 


First Experiment.—Two millilitres of 2°% lignocaine 


consists of experiments on normal subjects, and it were injected just caudal to the spine of the second qu 
shows how very light stimuli to the skin can be more !umbar vertebra about 4 cm. deep to the skin; it was |. fo 
clearly felt just before nerve conduction fails, this "eckoned that the solution was placed just outside the ne 
being brought about by occluding the circulation ¢Pidural space. _ ; , 7 
to = rag y s Within four minutes the patient said that he felt some- re 

‘ thing hot in the skin supplied by the right lateral femoral mr 


Clinical Material 


In those patients in whom a midline injection of 
local anaesthetic between the spinous processes 


cutaneous nerve. Seven minutes after the injection he 
stated that it felt cold in the whole distribution of the 
femoral cutaneous nerves; this was the area where he 
felt his chronic pain and where there was diminution in 


202 








this 

the 
this 
Ocal 
hich 
ious 


Deen 
tient 
of a 


Ous 
pre- 


bar 
was 


eral 
‘ion 
ion 
sted 
fter 
| to 
fa 


ick 


ne 
nd 
as 
he 


oO, Sie ts 





node *repiastar 








Lilet eh eae un) 


n 
4 
j 
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sensibility. Three minutes later he reported that the pain 
was easing and within two minutes it had gone. At this 
time he found that to rubbing, to touches with von Frey 
hairs, to pricks with a needle, the sensation was much 
clearer and more definite than it had been before. He 
explained this by saying: “Usually I have to feel these 
things through a thick sheet of blotting paper. Now the 
blotting paper has been removed.” In his usual state, 
pinpricks, unless very heavy, were felt only as pressure, 
though pricks weighted with 140 g. were felt in some 
places in the anterior and anterolateral aspects of the 
thigh as painful radiating little electric shocks. After 
this injection, while the pain was relieved, pinpricks gave 
a normal sensation of prick, provided they were heavy 
enough to exceed the raised threshold; the patient said: 
“I can now feel each one like a proper pin.” 


Controls for First Experiment.—{a) On the following 


| day 2 ml. of normal saline (the same amount as the 


previous lignocaine) was injected into the same site, the 
patient being told that the previous day’s procedure was 
being repeated. This caused a few minutes’ relief of 
pain in the back; but it had no lasting effect and no 
effect on the pain or the sensibility of the right thigh. 

(b) Many other injections with 2 ml. of lignocaine were 
carried out. Improvement in the subjective aspects of 
sensation occurred only when the pain was relieved. 
Two millilitres of lignocaine relieved the pain only 
when it was injected between thé second and fourth 
lumbar vertebral spines, into the midline scar, and into 
the midline 1 cm. cranial to the scar; injections of 2 ml. 
elsewhere had no effect on the pain. 


Second Experiment.— A quarter of a millilitre of 6% 
saline was injected about 2 cm. deep to the skin in the 
midline into the middle of the tender scar. At first it 
caused a very severe pain in the front and the back of 
the right thigh, and in the back spreading about 1 cm. 
from the midline bilaterally. As these induced pains 
passed off, the chronic pain in the front of the thigh was 


_ also relieved; he reckoned it went away by about a half. 


During the period of partial relief of pain, which lasted 
about 20 minutes, he could perceive in the femoral 
cutaneous distribution touches with the examiner’s 
finger, with pinprick, with cottonwool, or with hairs, all 
much more clearly than usually. 

It seems to be that any kind of injection that gives 
telief of pain can improve the sensibility of the tender 
area. 


Third Experiment.—On one occasion an attempt 
was made to inject the right femoral nerve in the 
femoral triangle with 1% lignocaine; but it suc- 
ceeded only in blocking the muscular branches to the 
quadriceps and the saphenous nerve. Nevertheless it was 


. found that as soon as the territory of the saphenous 


nerve was insensitive to touch and to pricking, the pain 
in the entire limb had gone. It will be realized that the 
region where the pain and sensory abnormalities were 
maximal, the area supplied by the anterior femoral 
cutaneous nerve, was unaffected by this injection, the 
skin of this part retaining its usual abnormal sensory 
characteristics. The effects of this injection on relieving 
the pain lasted from 48 to 60 hours. On this occasion it was 
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also found that the relief of pain was associated with an 
improvement in the sensibility of the skin in the dis- 
tribution of the anterior femoral cutaneous nerve: when 
pinpricks were heavy enough to be felt they no longer 
had that quality like little electric shocks, but felt discrete 
like normal pinpricks; they felt more pointed than they 
otherwise did. 


Fourth Experiment.—An electrically driven vibrator 
was applied to the painful and tender skin of the femoral 
cutaneous distribution for 15 minutes. It produced 
local vasodilatation and gave instead of the soreness a 
pleasant warm feeling. This was associated with a 
subjective improvement in the appreciation of all stimuli; 
all pinpricks were felt as such; and rubbing of the skin 
felt more normal. This improvement lasted about an 
hour. It could be shown that the improvement was not 
due to the vasodilatation and rise in local temperature, 
for it did not accompany these effects when they resulted 
from local heating of the part with an electric blanket; 
indeed this local application of heat made both the pain 
and sensitivity worse. 


It is also found that any factors that diminish the 
local pain and paraesthesiae permanently give a 
permanent improvement in the appreciation of 
stimuli. 


Mr. G.N.—Certain aspects of this case too have been 
published by Kibler and Nathan (1960). This patient, 
who had disseminated sclerosis, had burning pain in the 
fourth and fifth digits and along the medial border of the 
left hand. In this area the appreciation of two points, 
of passive movement, and of vibration was diminished; 
pinprick felt abnormal: each prick was felt as less sharp 
than normal, as spreading, burning, and more than 
normally unpleasant. 

The ulnar nerve was injected on two occasions with 
2% lignocaine in the ulnar groove at an interval of 12 
days. After the second injection none of the burning 
pain in the eighth cervical dermatome returned. It was 
then found that pinpricks in this territory no longer 
caused the spreading and abnormally unpleasant sen- 
sation they had done before; they felt like normal 
pinpricks, though diminished in intensity compared with 
pricks applied to the digits of the other hand. 

Other cases in which a lasting improvement oc- 
curred with permanent relief of pain are those in 
which the pain of cancer is relieved by the intra- 
thecal injection of phenol in ‘“‘myodil’’, as was first 
described by Maher (1955, 1957). Injections of this 
solution destroy a large number of nerve fibres of 
the roots with which the solution makes contact; 
that this is so has been shown histologically by 
Marion C. Smith (personal communication). This 
method of relieving chronic pain usually results in 
the improvement of sensibility of the affected part, 
even though it entails a diminution in the number 
of nerve fibres conducting impulses from the skin. 


Mrs. G.C.—This woman attended hospital on account 
of the pain associated with carcinoma of the left 
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Bartholin’s gland. An intrathecal injection of 0-75 ml. 
of an 8% solution of phenol in “myodil’’ injected 
between the third and fourth lumbar vertebrae relieved 
all the patient’s pain. Before the injection the patient 
could not bear to have the upper and outer part of the 
left buttock touched as it was extremely tender. She had 
difficulty in waiking, she could not lie down on her left 
side, and she had not sat in a chair for five years as this 
was too painful. After the injection, the buttock could 
be touched without causing any pain and it could even 
be hit hard with the examiner’s fist; she could sit com- 
fortably in a chair and could walk without a stick, which 
she had been unable to do for eight years. On ex- 
amination, it was found that in this region she could now 
feel more clearly all stimuli than she had been able to 
do before. Yet there was a greater degree of loss of the 
sensation of prick in this area than there had been before 
the injection, the cold of ice felt less thanit had done before, 
and pressure on this buttock with an algometer showed 
that the threshold for pain was now raised. Yet when 
prick with a pin was heavy enough to be felt, it was felt 
more distinctly than it had been before the injection. 
Thus in fact there was a diminution in the sensibility of 
the part; but stimuli adequate to cause a sensation were 
felt more clearly than previously. 


Mrs. G.B.—This woman attended hospital on account 
of the pain associated with carcinoma corporis uteri. 
An intrathecal injection of 0-5 ml. of a 5% solution of 
phenol in glycerol containing 1/80 grain of silver nitrate 
injected between the second and third lumbar vertebrae 
relieved all the pain. The patient considered that when 
she was pricked on this limb she could feel the pricks 
better than before the injection. Yet it was found that 
in fact there was a level between the first and second 
lumbar dermatomes where pinprick became sharper and 
more painful and where ice was felt as colder. Thus the 
evidence showed that below the first lumbar dermatome 
there was in fact a diminution in the number of con- 
ducting nerve fibres; and yet the patient felt the stimula- 
tion more clearly in this area in which there was a slight 
diminution in sensibility. 


Miss M.B.—This woman attended hospital on account 
of the pain associated with carcinoma cervicis uteri. An 
intrathecal injection of 0-5 ml. of a 7:5% solution of 
phenol in “‘myodil”’ injected between the twelfth thoracic 
and first lumbar vertebrae relieved all the pain. Although 
objectively no change was found in the area or in the 
quality of her sensibility after this injection, the patient 
insisted that what she could feel she could feel more 
clearly than before; she affirmed that the sensation on 
having the right lower limb rubbed was more nearly 
normal after this injection than it had been before. 


Mrs. D.R.—This woman attended hospital on account 
of the pain associated with carcinoma cervicis uteri. An 
intrathecal injection of 1-5 ml. of a 7-5% solution of 
phenol in “‘myodil” between the fourth and fifth lumbar 
vertebrae was given. This reduced her pain a great deal, 
she estimating that 90% of it had been relieved. Before 
the injection the sensibility to pinprick was diminished 
in the left fifth lumbar dermatome; following it, she 
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could feel pinprick more clearly here than before; the 
pricks felt sharper and each prick felt less diffuse than j 
had done before. Subjectively the foot and toes felt les 
numb than before the injection, and the limb “felt a; 
though it had more life in it.” Objectively, no changes 
in sensibility could be found. 


Thus in these four patients, in whom the intra. 
thecal injection of a solution of phenol destroyed 
a large number of nerve fibres and relieved the pain, 
there was an improvement in their perception of 
stimuli; although there was no lowering of threshold 
to stimulation, indeed the contrary was sometimes 
the case, the patients felt that which they could fee! 
more clearly, and the stimulations were felt nore 
discretely. 

A similar improvement in the ability to feel 
stimulations associated with a reduction in the 
number of functioning peripheral nerve fibres can 
be induced experimentally in normal subjects. When 
the blood supply to a nerve or limb is occluded, 
paraesthesiae occur, and during the time of these 
paraesthesiae, there is interference with the percep- 
tion of exteroceptive stimuli. This inability to fee! 
slight stimuli can be demonstrated by applying a 
light von Frey hair. The phenomenon being 
described here is more difficult to bring out; it is 
found only when an even lighter hair, one of sub- 
threshold intensity, is used as the stimulus. Then 
there may be found an increased ability to feel such 
very light stimuli at a time when all conduction in 
the A group of fibres is about to fail. It is known 
that at this time the conducted action potential of 
the sensory fibres with the lowest threshold is 
reduced to about a half of its original size. The 
ability to feel the stimuli better at this time is not 
striking when the number of stimulations felt is 
recorded; but if attention is directed to the quality 
of the sensation, then nearly all subjects report that 
just after the time to numbness comes on they feel 
this very slight stimulus as heavier, as broader in 
area, as longer lasting, as generally easier to feel, 
than they had done before. 

The quantitative aspect is illustrated in Fig. |. 
This graph is the mean of 10 experiments performed 
on 10 normal male subjects, the stimulus being a 
nylon No. 1 hair. This hair was felt less than 20% 
of applications under normal conditions. From 
Fig. 1 it can be seen that just before the stimulus 
ceases to be felt altogether, for a short period of time 
it is felt more often than at any period before, in- 
cluding the control period before the occlusion of 
the circulation; just as the time to numbness arrived 
it was felt 34% of its times of application, whereas 
in the control period it was felt 17°% of times. The 
period of improved perception lasted three minutes. 
In two of these subjects on another occasion the air 
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Fic. 1..-Average of 10 normal subjects; cuff on arm; stimulus 


nylon No. 1 hair. 


was applied 10 times for every minute of a period 
of 30 minutes, without occlusion of the circulation, 
so as to rule out any changes in perception due to 
factors such as tiring, boredom, learning, or practice. 

This experimentally induced improvement in 
perception of stimulation with a reduction in the 
number of conducting nerve fibres is not restricted 
to tactile stimulation; it is also found for painful 
stimulation. 


Protocol of Experiment.—A block was applied 
to the ulnar nerve by a subject leaning his weight 
on his flexed upper limb, in such a position that a 
4 cm. length of the ulnar nerve was compressed. 
The temperature of the skin of the fifth digit was 
kept at 33-34°C. throughout. The stimulus consisted 
of a shock applied by means of the sparker (Morton’s 
modification of the instrument described by Bishop, 
described in a paper by Nathan, 1958) to the dorsum 
of the fifth digit immediately proximal to the nail. 

This experiment is illustrated in Fig. 2. It can 
be seen that at the thirteenth minute after applica- 
tion of pressure to the ulnar nerve, only three of 10 
stimulations felt painful; over the next two minutes 
there was a recovery in the ability to feel the painful 
stimulation; at the sixteenth minute, no more pain 
was felt. 

This apparent recovery of sensibility occurring at a 
time when many of the nerve fibres must have 
ceased to conduct may be due to an increased 
prominence of the signal; possibly the signal to 
Noise ratio in the central nervous system is increased. 
This phenomenon would seem to be the opposite 


of the inability to feel exteroceptive stimulation 


during periods of paraesthesiae, as has been 
described by Gilliatt and Grahame Wilson (1954) 
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and Nathan (1958). In that phenomenon the signal 
is completely submerged among the masses of 
impulses pouring into the central nervous stystem; 
in the present phenomenon, the signal stands out 
clearly amid the silence from the absence of other 
impulses arriving at the central nervous system. 


Discussion 


The most striking observation reported here is 
that the input from the periphery may be diminished 
and yet the perception of stimulation can be 
improved. This improvement occurs with either a 
raising or with no change of the sensory threshold. 
Once the pain or paraesthesiae have been taken 
away, the subject can make better use of the fewer 
remaining nerve fibres. Or, in other words, in the 
presence of local pain, tenderness, or paraesthesiae, 
the accurate perception of stimuli is rendered 
difficult. This phenomenon is not always found. 
In some patients the vibrator applied to the tender 
skin has relieved the pain, and yet there has been 
no improvement in sensibility; if there has been any 
objective change, the threshold has been slightly 
raised, and stimuli that were felt before the vibration 
might not be felt after it. 

A phenomenon probably related to that reported 
here has been demonstrated and investigated by 
Gilliatt and Grahame Wilson (1954) and by Nathan 
(1958). They showed that when large cutaneous 
fibres are firing impulses into the central nervous 
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system, the perception of stimuli in the territory 
of the active nerve fibres is impaired. Nathan 
further showed that this can occur even when the 
spontaneously arising impulses reaching the central 
nervous system are giving rise to no sensation. It 
may be that the impulses subserving the sensation of 
pain felt in the local region impair the perception 
of peripheral stimulation in a similar way. In both 
cases there would seem to be a convergence of the 
two lots of impulses. Where in the central nervous 
system this convergence might occur is unknown; 
one could conceive of it occurring at the level of the 
spinal cord, of the reticular substance, or any place 
where afferent or sensory functions are integrated. 


Summary 


In patients in whom a lesion is causing localized 
pain, stimuli applied to the skin of the region where 
the pain is felt may be poorly perceived. Any 
measure that relieves the pain and local tenderness, 
including measures that block some of the afferent 


fibres from the area, may improve the perception of 
stimuli. A similar phenomenon is described jp 
normal subjects, when the occlusion of the circula. 
tion to a nerve is induced; just before sensibility fo, 
touches and pricks fails, for two or three minute 
these stimuli are felt more clearly than before. |; 
is suggested that in both cases the signal to noise 
ratio is increased when many of the afferent nerye 
fibres are prevented from conducting impulses into 
the central nervous system. 


I take this opportunity of thanking the physicians ang 
surgeons of the National Hospital, Queen Square, who 
were kind enough to put,their patients at my disposal 
for this investigation, and Dr. E. A. Carmichael for his 
encouragement and for the facilities to do this work, 
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A CASE OF JUVENILE GAUCHER’S DISEASE WITH 
INTRANEURONAL LIPID STORAGE 


BY 
A. F. J. MALONEY an 


d J. N. CUMINGS 


From the Department of Pathology, University of Edinburgh, and the Department of Chemical Pathology, 
Institute of Neurology, the National Hospital, Queen Square, London 


The juvenile form of Gaucher’s disease with 
chronic involvement of the nervous system appears 
to be distinctly rare. Cases have been described by 
Evans (1916), Reiss and Kato (1932), Myers (1937), 
Bird (1948), and Brain (1954). Lipid storage was 
noted in the nerve cells in the only two cases com- 
pletely examined histologically, namely those of 
Bird and Brain. 

This report describes the pathological and bio- 
chemical observations made in a further case 
believed to belong to this rare variant of Gaucher’s 
disease. 


Case Report 

The patient, a girl, was born on April 14, 1949, and 
died at the age of 8 years 9 months on January 16, 1958. 
She was the eldest of six siblings and her parents (non- 
Jewish) are alive and healthy. Delivery at term was 
uneventful and thereafter she apparently developed nor- 
mally until the age of 5 years, when she started school. 
Her scholastic progress was unsatisfactory and she was 
transferred to a special school at the age of 6 years, where 
she was found to have a mental age of 3 years, to be 
restless, incontinent, destructive, and unsteady on her 
feet. Mental deterioration continued, necessitating her 
removal from school and she began to have major 
epileptic fits with clonic movements of the right side of 
the body in February 1957. Examination of the nervous 
system at that time was quite negative, and in particular 
the fundi oculi were normal. The erythrocyte sedi- 
mentation rate was 35 mm. in one hour. Electro- 
encephalography showed bilateral, symmetrical, slow 
wave-and-spike discharges. Cerebrospinal fluid con- 
tained protein, 12 mg. per 100 ml., sugar 75 mg. per 
100 ml., chlorides 736 mg. per 100 ml., and culture was 
sterile. A cerebral biopsy (April 23, 1957) revealed 
equivocal changes in some neurones which were thought 
to be consistent with, but not diagnostic of, cerebral 
lipidosis. During the subsequent months she became 
aphasic and developed athetoid movements in all limbs, 
general hyper-reflexia, bilateral extensor plantar responses 
and spasticity of the right arm. She was now confined 
to bed and despite anticonvulsant drugs, frequent brief 
epileptic attacks continued. At no time was either the 
liver or spleen palpable. She eventually died in an 


emaciated state following a recurrent attack of broncho- 
pneumonia. 


Necropsy Findings 

The body was that of a slender, poorly nourished girl, 
with normal-sized head, showing no skeletal ab- 
normalities. The eyes were normal and the abdomen 
was not protuberant. The spleen was enlarged threefold 
but of normal shape, the capsule was healthy, and the 
splenic pulp showed no particular abnormalities. The 
lymph glands and bone marrow appeared normal. The 
liver was normal. The lungs showed a recent bilateral 
bronchopneumonia with scattered areas of collapse. 
The cardiovascular, genito-urinary, and endocrine 
systems were normal. 


Histology 

Spleen.—The pulp is diffusely infiltrated by numerous, 
closely packed, large cells with foamy vacuolated cyto- 
plasm and a small, often eccentric, nucleus (Figs. 1 and 2). 
These cells have the appearance of lipid-storing histio- 
cytes. The Malphighian corpuscles are rather small and 
probably reduced in number. The blood vessels, 
trabeculae, and capsule are normal. 


Bone Marrow.—Bone marrow taken from a lumbar 
vertebra contains relatively normal haemopoietic tissue 
sparsely infiltrated with cells somewhat resembling those 
found in the splenic pulp. 


Lung.—There is a recent acute bronchopneumonia. 
Foamy histiocytes are numerous not only in the pneu- 
monic areas but also in other areas where the inflam- 
matory changes are less marked. Some alveoli are dis- 
tended solely by these cells which are similar to the 
“storage”’ cells in the spleen. 


Liver.—There is a normal lobular architecture with 
no evidence of lipid storage in parenchyma. A few cells 
resembling foamy histiocytes are occasionally noted with 
difficulty in the sinusoids (Fig. 3). 

The kidney, heart, and adrenal gland appear normal. 


Examination of the Central Nervous System 
Macroscopic.—The cerebrum, which weighed 1,020 g., 
was normal externally, except for the presence of a small 
scar on the convexity of the right frontal lobe which 
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Fic. 4.—Cerebral cortex. Note ballooned neurones. Thionin ~ 160. 


indicated the biopsy site. Serial coronal sectioning 
showed merely slight uniform dilatation of the ventricles. 
The brain-stem and cerebellum weighed 140 g. They 
were normal externally and on section, apart from slight 
dilatation of the aqueduct and fourth ventricle. 


Microscopic.—Sections were examined from repre- 
sentative parts of the cerebral cortex, basal ganglia, 
brain-stem, and cerebellum. In all sections there is 
evidence of advanced neuronal lipid storage (Figs. 
4 and 5). 

Many neurones have disappeared. Of those which 
remain, some look relatively normal but others show 
varying degrees of ballooning of the cell body. Some 
cells are very markedly enlarged; from these the Nissl 
substance has disappeared, the cytoplasm is finely 
granular and the nucleus eccentric. Cells, without 
visible nuclei, and with their cytoplasm replaced by a 
large clear vacuole containing only a few granules, appear 
to be on the point of disintegrating. 

This degeneration of nerve cells is associated with a 
gliosis Proportional to the cell loss and in some areas 
with a proliferation of rod cells. It is well-marked in the 
cerebellum where there is gliosis of the molecular layer, 
and great reduction in the number of Purkinje cells, 
Proliferation of Bergmann’s layer of astrocytes, and 


Fic. 5.—Pons. Group of enormously distended neurones. Haema- 
toxylin and eosin = 160. 


degeneration of the granular layer. Some of the re- 
maining Purkinje cells are distended with lipid. 

In the white matter throughout there is slight thinning 
of nerve fibres and myelin sheaths accompanied by a mild 
gliosis. Gliosis is most severe in the white matter of the 
cerebellar folia. 

The leptomeninges show slight non-specific fibrosis. 

The blood vessels are normal. A few fat granular cells 
are present in some of the perivascular spaces in most 
sections. 


Staining Reactions of Stored Lipid 


Brain (Frozen Sections).—The contents of the distended 
nerve cells failed to stain with Scharlach R, Sudan black 
B, and by Feyrter’s method. With the periodic-acid- 
Schiff (P.A.S.) method, positive material was demon- 
strated in a few Purkinje cells and some of the cerebral 
neurones; however, the more abnormal the cell, the less 
well did its contents stain and grossly distended cells 
were P.A.S. negative. With the Gros-Bielschowsky 
method neurofibrils were displaced to the periphery of 
the ballooned cells and occasional torpedoes were 
demonstrated on the dendrites (Fig. 6). 


Brain (Paraffin Sections).—With haematoxylin and 
eosin, fine eosinophilic or slightly basophilic granules 





















Fic. 6.—Medulla. 
neuronal lipid. Gross-Bielschowsky x 160. 


Neurofibrils peripherally displaced by intra- 


were found in the vacuolated cells. These granules 
varied in colour from blue to pale brown with Mallory’s 
phosphotungstic acid haematoxylin. The cell contents 
were P.A.S. negative. 


Spleen (Frozen Sections).—The contents of the majority 
of the foamy histiocytes stained positively with P.A.S. 
and Sudan black B, and a faint orange brown or not at 
all with Scharlach R. 


Spleen (Paraffin Sections).—Most of the histiocytes 
contained fine P.A.S.-positive granules, although the 
reaction tended to be less intense than in the frozen 
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negative, only a small number of widely dispersed histio. 
cytes containing haemosiderin granules. 


Liver.—Paraffin sections only were available. Bey 
stain for glycogen was negative. With P.A.S. many liye; 
cells contained a small quantity of very finely granula, 
positive material. A few cells were distended with quite 
large quantities of positive material. These cells |g 
singly and occasionally in small groups in the sinusoid; 
and appeared to be altered Kupffer cells and resemble; 
the storage cells found in the spleen. 


Biochemical Studies 


Portions of formol-fixed brain, spleen, kidney, and 
liver were examined for their lipid contents. 

Total phospholipid, sphingomyelin, total and esterified 
cholesterol, “‘galactose’’ cerebrosides, and water were 
determined as in previous examinations (Cumings, 1953), 
Total hexosamine and neuraminic acid were estimated 
(Cumings, 1957) as well as true cerebrosides (Radin, 
Lavin, and Brown, 1955). 

The type of hexose in the cerebrosides of the cerebral! 
cortex and of the spleen was determined in the following 
manner. A methanol/chloroform extract of each organ 
was prepared according to the technique of Radin et al 
(1955). The dried extract was hydrolysed and the lipid 
removed in the manner described by Montreuil, Bou- 
langer, and Houcke (1953). The resulting hydrolysate 
was treated by an ion exchange resin (Woolf, 1953). The 
carbohydrates of the hydrolysate so treated, both before 
and after fermentation with yeast, were estimated by an 
anthrone method (Radin ef al., 1955). It was thus 
possible to estimate the galactose and glucose contents of 
the original cerebroside. 

Another portion of the resin-treated hydrolysate was 
submitted to single-dimensional paper chromatography. 
The solvent system used was that of Montreuil ef al. 
(1953) and after drying the paper it was treated by the 
method of Trevelyan, Procter, and Harrison (1950). 

The presence of glucose was confirmed by a glucose 
spot reagent (“‘clinistix”’ glucose oxidase) and also by the 
formation of a glucosazone. 

The results of lipid estimations in the brain and the 
organs are shown in Table I. It will be noticed that there 
are differences from the normal figures for a child of 














sections. The Prussian blue reaction was practically about the same age (see Cumings, Goodwin, Woodward, 
TABLE I 
LIPIDS IN THE ORGANS AND BRAIN 
Cerebral Cerebellar | | | Normal Figures for Same Age 

| Spleen Liver Kidney — 

| White | Cortex | White | Cortex | Cerebral White | Cerebral Cortex 

| Matter Matter Matter 
Total phospholipid 178 | 148 | 241 8-8 11-8 8-1 6-0 | 23.0 | 19-6 
Sphingomyelin 100 | 32 | 88 3-5 6:7 0-6 1:2 5-6 43 
Total cholesterol | 103 | 69 17-2 8-3 8-0 1-9 1-6 15-7 5:5 
Esterified cholesterol 0-4 | 0 0-2 0 0-3 0-1 0-1 0 0 
“‘Galactose”’ cerebroside 207 | | (aFS 31-7 15-9 76 60 | 8:5 | 17-9 4-1 
True cerebroside —_— 20 | — 1-5 oe — | —- 1-1 
Total hexosamine 0:27 0-63 0-35 0-42 0-40 0°54 0-66 | 0-23 0-6 
Neuraminic acid — 034; — | 020; — — | — | 0-07 0:3 
Water (%) 73-7 85-6 | 81:2 86-0 72:5 71:8 78-6 71:3 83-7 

















Results in g./100 g. tissue (except water). 
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Glu. Gal. Cor. 


Fic. 7.—Chromatogram of hexoses in cere- 
broside of cerebral cortex (Cor) on the 
right. Glucose (Glu) and galactose (Gal) 
standards on the left. 


Spleen Glu. Gal. 





Fic. 8.—Chromatogram of hexoses in 
cerebroside of the spleen, before 
yeast fermentation, on the left. 
Glucose (Glu) and galactose (Gal) 
standards on the right. 





Spleen Glu. Gal. 


Fic. 9.—Chromatogram of hexoses in 
cerebroside of the spleen, after 
yeast fermentation, on the left. 
Glucose (Glu) and galactose (Gal) 
standards on the right. 


and Curzon, 1958). The phospholipids in the cerebral 
white matter and the cortex are lost to some extent as is 
also the total cholesterol in the white matter, while the 
total hexosamine and the neuraminic acid levels are 
normal. The cerebroside content of the cerebral white 
matter is decreased, but in the cortex it is increased both 
in the cerebellum as well as in the cerebrum. The spleen, 
kidney, and liver all show increased amounts of cerebro- 
side as well as raised levels of total phospholipid. The 
normal figures for cerebrosides in the spleen as given by 
Thannhauser (1953) are 0-1 to 0-6 g. per 100 g. dry tissue, 
so that the spleen of this patient contains a considerable 
excess of this lipid. 

The results of the examination for the determination 
of the hexose in the cerebroside showed that in the 
cerebral cortex 63°% of the hexose was glucose and 37% 
galactose, whereas in the cerebrosides of the normal 
cortex all the hexose is galactose. In the spleen the 
figures were 82% glucose and 18% galactose. These 
findings were, in general, confirmed by the chromato- 
graphic procedures. The results obtained from the 
examination of the cerebrosides in the cerebral cortex are 
shown in Fig. 7, where it can be clearly seen that both 
glucose and galactose are present. In Fig. 8 a similar 
result is demonstrated for the cerebrosides of the spleen. 
By means of yeast the glucose portion of the cerebroside 
hexose in the spleen has been fermented and the 
chromatographic appearance is seen in Fig. 9. 


Discussion 

The histological findings clearly indicate that this 
case belongs to the group of so-called lipid storage 
disorders, the aetiology of none of which is known. 
The group includes the following conditions: Hand- 
Schuller-Christian disease, gargoylism, Niemann- 
Pick’s disease, Gaucher’s disease, and amaurotic 
family idiocy. A diagnosis may usually be reached 
by correlating the clinical and pathological data, 
but it is now well recognized that the chemical 
identification of the stored lipid in the viscera or the 
brain or in both is the only certain method by which 
a firm diagnosis can be reached. The histochemical 
methods available at present may not determine with 
absolute certainty the nature of the lipid for the 
principal reason that, with the exception of choles- 
terol, the lipids which accumulate in the affected 
cells are closely related to one another (Edgar, 
1957). Nevertheless, histochemistry does form 
a useful adjunct to histological and biochemical 
studies. 

Before discussing the chemical findings, it may be 
of interest to analyse briefly the clinical and patho- 
logical features of the present case in an attempt to 
fit it into one of the above categories. 

Hand-Schuller-Christian disease can readily be 
excluded from the differential diagnosis for many 
reasons. It is perhaps sufficient to state that in this 
disease intraneuronal lipid storage does not occur; 
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the central nervous system, when affected, is in- 
volved usually in a secondary manner by the 
characteristic cholesterol granuloma extending from 
the skull or, more rarely, by scattered discrete 
granulomas within the brain (Feigin, 1956). 

Ballooning of nerve cells, indicative of intra- 
neuronal lipid storage, is found in gargoylism, in 
amaurotic family idiocy, and in Niemann-Pick’s 
disease. There is some dubiety concerning the 
nature of the neuronal changes in Gaucher’s disease 
in young children. The infantile form of the disease 
is rare, rapidly fatal, and the neurological symptoms 
are outstanding. The neuronal changes in most 
recorded cases appear to be of a non-specific de- 
generative nature (Diezel, 1957) but in a few cases 
slight evidence of neuronal lipidosis has been 
demonstrated (Norman, Urich, and Lloyd, 1956). 
Gaucher cells have been noted in the adventitia of 
some of the cerebral blood vessels (Norman, ef al., 
1956; Barlow, 1957) but there was no intraneuronal 
lipid storage in Barlow’s case. In the even rarer 
juvenile form of Gaucher’s disease, neuronal 
lipidosis has been previously recorded in only two 
cases (Bird, 1948; Brain, 1954). 

Gargoylism can readily be excluded because of 
the absence from the present case of skeletal changes 
and corneal opacities and the ease with which the 
substance stored in the spleen was stained after 
fixation (Dawson, 1954). 

Visceral lipidosis, a constant feature of Niemann- 
Pick’s and Gaucher’s disease, has also been noted 
occasionally in amaurotic family idiocy. It is rare 
in the infantile variety (Tay-Sachs) though a case, 
only the second to be confirmed biochemically, has 
recently been reported (Norman, Urich, Tingey, 
and Goodbody, 1959) in which there was pro- 
nounced hepatomegaly and histological examination 
revealed foam cells in the liver, spleen, and many 
other organs, and also vacuoles in the parenchy- 
matous cells of the liver and certain other glandular 
organs. Glasgow (1957) has reported upon a 
patient with amaurotic family idiocy, who is still 
alive, in whom typical foam cells were found in the 
sternal bone marrow. This patient also showed 
radiological evidence in the long bones of lesions 
which were suggestive of the deposits seen in 
Gaucher’s disease. In the juvenile variety (Batten) 
visceral lipidosis has been noted rather more 
frequently (Schob, 1930; Sjévall, 1934). 

Macular changes, usually present in Niemann- 
Pick’s disease (cherry-red spot) and Batten’s disease 
(pigmentary peppering and degeneration), were not 
noted in the present case. Moreover, patients with 
the former disease are chiefly Jewish and invariably 
die before the age of 2 years with prominent visceral 
involvement. Furthermore, the intraneuronal lipid 





A. F, J. MALONEY AND J. N. CUMINGS 


in Batten’s disease stains bright orange with Schay. 
lach R, is P.A.S. positive, and‘is insoluble in ordinary 
lipid solvents (Norman, 1958) in contrast to the 
present case in which negative results were obtaine; 
with Scharlach R and with P.A.S. after alcohol ang 
chloroform extraction. 

Thus an analysis of the clinical and pathologica| 
findings, by a process of exclusion, suggested tha 
the case under consideration was one of juvenile 
Gaucher’s disease and the chemical findings haye 
substantiated this conclusion. 

These various diseases have been shown by 
chemical analysis to have deposits of differing 
lipids: thus in Niemann-Pick’s disease sphingo. 
myelin in the organs and both sphingomyelin and 
gangliosides in the brain are accumulated. The 
brain in amaurotic family idiocy shows an increased 
content of ganglioside while in Gaucher's disease 
cerebroside is accumulated in the organs (Klenk, 
1941; Thannhauser, 1953). The brain has rarely 
been examined and has been found to show no 
abnormality when histological evidence of ab- 
normality was also lacking (Klenk, 1941; Thanp- 
hauser, 1953; Cumings, 1953). 

The chemical examination for cerebrosides in the 
brain in which there were recognizable histological 
abnormalities has not previously been made. In 
Bird’s case the total phospholipid and the sphingo- 
myelin contents of the brain were normal but 
cerebrosides were not estimated, even though the) 
were found to be increased in the spleen. 

A difference of opinion existed as to the nature 
of the hexose in the organ cerebrosides, for Lieb 
(1924, 1927), Lieb and Mladenovic (1929), Epstein 
(1924), and Thannhauser and his colleagues (Otten- 
stein, Schmidt, and Thannhauser, 1948) all con- 
sidered that it was galactose. However, later 
workers have shown that the cerebrosides in the 
spleen contain glucose and not galactose (Klenk, 
1941; Brante, 1951). Asa result of the experiments 
recorded earlier it seems clear that the cerebrosides 
deposited in both the brain and the spleen in this 
case contained glucose as the major hexose 
component. 

These chemical findings would appear to confirm 
the clinical and histological findings in this case and 
make the diagnosis of Gaucher’s disease certain. 


Summary 

The clinical, histological, and chemical findings 
in a case of juvenile Gaucher’s disease are described 
in a young girl of 8 years. The cerebral and splenic 
cerebrosides were increased and were shown (0 
contain glucose in greater amount than galactose. 
Well-marked and abnormal deposition of lipid was 
found in the brain on histological examination 
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The findings in this unusual case are discussed 
in relation to other reported cases of this condition. 


We are indebted to Messrs. J. C. Sommerville and H. 
Goodwin for skilled technical assistance, and to the 
Medical Photography Unit of the University of Edin- 
burgh and Messrs. J. A. Mills and H. Prickett for the 
photographs. We wish to thank Drs. D. M. Douglas and 
J. R. Bailey for access to their clinical records. 


REFERENCES 


Barlow, C. F. (1957). J. “we am 16, 238. 

Bird, A. (1948). Brain, 71, 

Brain, W. R. (1954). Acta ane belg., 54, 597. 

Brante, G. (1951). Acta Soc. Med. upsalien, 56, 125. 

Cumings, . N. (1953). Brain, 76, 551. 

—— (1957 In Cerebral Lipidoses, A Symposium, ed. L. van 
eae. J. N. Cumings, and A. Lowenthal, p. 112. Blackwell, 


Oxford. 
_—, Goodwin, H.., bees E. M., (1958). 


and Curzon, G. 
J. Neuroc hem., x 
Dawson, I. M. P. (1954). - ‘Path. Bact., 67, 587. 
Diezel, P. B. (1957). In Cerebral Lipidoses, A Symposium, ed. L. van 
pognert, J. N. Cumings, and A. Lowenthal, p. 11. 
Oxford. 


Blackwell, 


213 


Edgar, G. W. F. (1957). Ibid., p. 48. 

Epstein, E. (1924). Biochem. oa 145, 398 

Evans, F. A. (1916). Proc. N.Y. ‘path, = 16, 114. 

Feigin, I. (1956). J. Neuropath., 15, 400 

Glasgow, G. L. (1957). Aust. Ann. Med., 6,2 

Klenk, E. (1941). i ee Z. physiol. a 267, 128. 
Lieb, H. (1924). Ibid., 140, 305. 

——'(1927). Ibid., 170, 60. 


—— and Mladenovié, M. (1929). 181, 208. 


Ibid., 


Montreuil, J., Boulanger, P., and Houcke, E. (1953). Bull. Soc. 
Chim. biol. (Paris), 35, 11 = 

Myers, B. (1937). Brit. med. J., 2,8 

Norman, R. M. (1958). In Neuropathology, by Greenfield, J. G. and 
others, p. 389. Arnold, London. 

——, Urich, H., and Lloyd, O. C. (1956). J. Path. Bact., 72, 121. 


and Goodbody, R. A. (1959). 


’ 





Tingey, A. Ibid., 
78, 409. 

eee Schmidt, G., and Thannhauser, S. J. (1948). Blood, 

os , 
—> S., Lavin, F. B., and Brown, J. R. (1955). J. biol. Chem., 
» 789. 

Reiss, O., and Kato, K. (1932). Amer. J. Dis. Child., 43, 365. 

Schob, F. (1930). ‘‘Pathologische Anatomie der Idiotie”’, in Handbuch 
der Geisteskrankheiten, ed. O. Bumke. Vol. 11., Pt. 7, p. 779. 
Springer, Berlin. 

Sjévall, E. (1934). Verh. dtsch. path. Ges., 27, 185. 

a S. J. (1953). Res. Publ. Ass. nerv. ment. Dis., 32, 


Trevelyan, W. E.. ee D. P., and Harrison, J. S. (1950). 


(Lond.), 166, 
Woolf, L. I. (1953). “id., 171, 841. 


Nature 








































J. Neurol. Neurosurg. Psychiat., 1960, 23, 214. 


EFFECTS OF FLEXION-EXTENSION MOVEMENTS OF THE 
HEAD AND SPINE UPON THE SPINAL CORD 
AND NERVE ROOTS 
BY 
J. D. REID 
From the Pathology Department, Wellington Hospital, Wellington, New Zealand 


In a series of dissections of the spinal cord it was 
noticed that the cord, dura, and nerve roots moved 
up and down within the spinal canal on flexing or 
extending the head and neck. In certain sections 
these changes appeared to be more marked than in 
others. In flexion, the length of the canal was 
increased and the cord and dura were stretched, 
with an increase over their normal tensions. 

Where stretch was exerted over a convexity, as 
normally in the thoracic spine, or in the neck after 
conversion of the normal lordosis to a flexion 
kyphosis, it appeared that there must be a consider- 
able component of force directed anteriorly and 
holding the cord against the ventral wall of the canal. 
These changes of movement, stretch and tension 
seemed likely to have general importance as factors 
aggravating various pathological processes, and this 
paper records the results of an investigation into 
their extent in different sections of the cord, and a 
consideration of their possible significance, parti- 
cularly in cervical spondylosis. In this condition, 
one of the features to which attention has been 
called by a number of workers (Taylor, 1953; 
O’Connell, 1956; Logue, 1957; Bradshaw, 1957) is 
the discrepancy which may exist between the 
severity of signs and symptoms and the minor 
nature of protrusions into the canal or lack of 
evidence of cord compression. Several explanations 
have been offered, all describing mechanical means 
whereby the cord may be forced into contact with 
any protrusions present. These include various 
causes of narrowing of the canal, or of tethering of 
the cord in an anterior position. While exploring 
the significance of movement and tension of the 
dura and cord in this respect, the opportunity was 
taken to examine some of these previously des- 
cribed mechanisms. 


Materials and Methods 


The terminology used has been defined previously 
(Reid, 1960). Subjects have been routine necropsy cases 
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with spines apparently normal for age in a series in 
which the direction of nerve roots was being examined, 
The numbers of cases used in different investigations, 
with their age and sex distribution, are given separately 
in tables of results. Dissections were made as previously 
described. Measurements were made between small 
upholsterer’s nails or pins driven into the bone of the 
pedicles, and similar pins inserted through the intact 
dura into the cord. Calipers were used over curvatures 
but where access was free and the cord straight a ruler 
was employed. No attempt to measure in less than 
millimetres was felt justifiable. Pins in the cord were 
placed opposite nerve roots and consequently the cord 
segments implicated were one or two lower than the 
number of the root. For fiexion of the head and neck 
the prone body was moved up the table until the chin 
could be approximated to the chest. In flexing the trunk, 
the body was turned on the left side and an assistant 
held the legs and head in a flexed posture with the knees 
bent. The effects of rigor mortis could not altogether be 
avoided but were lessened by forcible flexion. With 
adult cadavers, however, it was clear that the degree of 
flexion produced in the spine varied from individual to 
individual, depending on ante-mortem mobility of the 
spine, on rigor, and on flexion force applied. It also 
tended to vary somewhat in repeated observations on the 
same subject. 

The effects of removing spines and muscles were 
considered and thought of no practical significance, 
since the movements being produced were not beyond 
the normal range and joints remained intact. In two 
cases, measurements made after exposure by unilateral 
laminectomy were repeated after full exposure of the 
canal. No significant differences were found. 

Measurements of the pressure exerted between the 
cord and the canal were made in three apparently normal 
subjects aged 7, 18, and 33 years respectively. The 
body was supported on its left side and a thin, curved 
metal strip, 4 mm. in width, was passed in front of 
the dura as a hook. From this a string was run hori- 
zontally at right angles to the cord over a pulley on a 
stand at the side of the necropsy table to a measuring 
pan. Weights were added to the pan until the cord was 
moved 3 mm. out of its bed as measured by movement 
of the pulley. The force required to do this was assumed 
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to be the same in degree as that which would be exerted 
against a 3 mm. protrusion if such were displacing the 
cord dorsally. 

Other mechanisms said to hold the cord against the 
anterior wall of the canal were investigated both with 


 ynilateral and more often bilateral laminectomy. The 


dura and cord were lifted from the anterior wall of the 


' canal by a narrow dissector, with the spine in various 
» positions of flexion. A longitudinal slit was made in the 
' dura just posterior to the dorsal roots, and dorsal dis- 
© placement of the cord within the dural sac could be 
' examined in its effect on rootlets and ligamenta denti- 
' culata, as well as on roots. 


Relation of Cord to Dura Mater 
Because opening of the dura clearly altered the 


' stresses on the cord, it seemed necessary to examine 
- their movements together and with the dura intact 


and closed. Except in the upper cervical region, 


' where deviation occurred, pins inserted at right 
angles to the surface of the dura and into the cord 


showed no angulation with flexion extension move- 
ments, as would have been expected had the dura 
changed its position relative to the cord. The reason 
why cord and dura moved together appeared to 
lie in the number and nature of the ligamenta 
denticulata. These have a broad base of origin at 
the cord, long free margins, and a narrow apical 
insertion at the dura so that any up-and-down 
movement of either cord or dura is quickly trans- 
mitted one to the other. Cephalic traction on the 
dura, slackening rootlets, was found to be equally as 
effective in moving the cord as was caudal traction. 
Pull on nerve roots transmitted its effects to the 
cord via the dural sheath and the ligamenta denti- 
culata rather than the rootlets. Below the mid- 
cervical region it appeared valid to measure 
up-and-down movements of the cord from pins 
inserted through the closed intact dura. 
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Movements of Cord and Dura on Flexion-extension 
of the Head and Neck and on Flexion of Head, Neck, 
and Trunk 


Results are given in Table I. Considerable 
difficulty was experienced in measurements in the 
upper cervical region, particularly in extension when 
the head tended to cover the field. Since results in 
any case were not thought reliable because of 
angulation of pins, no values are offered. At C5 
there was virtually no movement in extension but 
sometimes a millimetre of cephalic shift in flexion; 
there was no observable movement in flexion in 
four of seven cases. At levels of roots C8 to T3 
considerable movement took place both in flexion 
and in extension, with a total range of movement 
up to 1-8 cm. (Figs. 1 and 2). Flexion of the trunk 
as well as of the head and neck made no appreciable 
difference except in lower levels, and at T12 there 
was downward rather than upward movement of a 
few millimetres. In extension, maximum movement 
occurred opposite roots C8 to Tl and was in a 
downward direction. 


Stretch, Tension, and Component of Force Acting 
Anteriorly 


Both cord and dura have a natural elasticity which 
may be roughly estimated when the spinal canal is 
unroofed by gauging the distance by which the dura 
and cord may be freely lifted dorsally and also by 
estimating the extent of their free movement in an 
up-and-down direction. The degree of tension 
varies considerably from case to case. A dorsal lift 
of about 1 cm. or an up-and-down movement of 
similar value can be found at T5 in one-third of 
cases. In some, particularly in the aged, the entire 
dura appears crinkled and slack, and in still others 
it appears rather tight. As was well shown by 
O’Connell (1956), when flexion of the head and 


TABLE I 
MOVEMENTS OF DURA AND CORD RELATIVE TO SPINAL CANAL IN FLEXION-EXTENSION MOVEMENTS 























Flexion Flexion Extension Flexion-extension 
Head and Neck Neck and Trunk Head and Neck Head and Neck 
Root Level No. of | Movement (mm.) | No. of | Movement (mm.) No. of | Movement (mm.) | No. of | Movement (mm.) 
Obser- bser-. — Obser- | Obser- 
vations Range Average vations | Range Average | vations | Range | Average vations | Range | Average 
CS 7 0-5 | 1-5 | 6 | 3-3) | Oo 3 | 0-0 0 3 3-7 | we 
6 4 1-5 [| 29 ; o— i- — -- jo— — —- ; o— _ 
_8 2 3-6 | #$ 2 2-7 4:5 1 ; o— | $4 4 | $10 | 90 
Ti | 9 | 3-12 | 68 5 5-8 6°6 3 124-8) | 47) 3 6-18 | 12-7 
3 6 | 4-8 | 61 | 2 5-8 6°5 _ jo o— — — | — ;— 
a Se 38 | 40 | 6 2-6 3-7 3 | 44-0 24 3 | $8 | 66 
10 8 0-3 | 1-7 6 3 f:! + 0-6 3 | 14-0 |} O3) 3 | 2a 2:3 
12 6 0-2 0:8 6 24-5) 0-64 — | — jo o— _— ; o— ;o— 








No. of subjects used, 18 Ages 15-75 years, average 37 years 


Sex distribution, males 11, females 7 


Movements are upward except where indicated by downward arrows. 
Fiexion-extension measurements cover the full extent of movement without reference to any neutral or normal posture 





J. D. REID 


Fic. 


Fic. 2 


Fics. 1 and 2.—Case 54, F., 75 years. 


The range of movement and change in direction of roots in extension (Fig. 1) and flexion (Fig. 2). 


all roots ran downwards. 


neck converts the cervical lordosis to a kyphosis, 
there is a considerable increase in length of the 
canal, particularly in its posterior wall. From the 
posterior margin of the foramen magnum to the 
level of the lower margin of the spine of the first 
dorsal vertebra this may be as much as 5 cm. To 
compensate for this the dura and cord move 
cephalically as already shown, and at the same time 
stretch. Tension, however, is not equally distributed 
along their lengths. It has been observed not 
infrequently that the cervical dura in flexion may 
be quite taut while that in the thoracic region is 
still loose and wrinkled. This is presumably due to 
the tethering action of the loose fibrous tissue 


In normal erect posture 


between the posterior common ligament and the 
anterior dura, and to a lesser extent to the nerve 
roots. The cervical dura and cord stretch much 
more than lower sections and the amount of 
stretch found at different levels is given in Table II. 
Results are comparable to those of a previous 
examination of four cases with the dura opened 
(Reid, 1958). In several cases measurements were 
first made between pins inserted opposite every 
nerve root. Since an increase in length of only 1 mm. 
represented a 10% stretch in areas such as the 
neck where cord segments were only slightly more 
than | cm. in length, it was necessary for accuracy 
to increase the length over which measurements 





EFFECTS OF FLEXION-EXTENSION OF HEAD ON SPINAL CORD 


TABLE II 
STRETCH OF SPINAL CORD AND DURA ON FLEXION OF SPINE 





Flexion of Head and Neck Full Flexion 
Segments 

(approximate) No. of | yA | Y, No. of % % 

Observations | Stretch Range | Stretch Average | Observations Stretch Range | Stretch Average 





Root Intervals 








— C3- 6 3 7514-7 | 10-2 3 | 8-2-15-2 11: 
C5- C6- T2 . 9-7 | 42-101 | . 
C6- 7. 2 . 

m § 7? 7 

T5- T7- 11 

T10- Ti2 TH-L | 


Servs 


4- 8 
2 §- 
TJ- 3 





Flexion of head and neck: Number of subjects, 10. Ages 15-75 years, average 38-5 years. Sex, 6 males, and 4 femaies 
Flexion of head, neck, and trunk: Number of subjects, 4. Ages 15-40 years. Sex, 2 males, 2 females 


TABLE III 


FORCE REQUIRED TO LIFT SPINAL CORD 3 mm. FROM ITS BED AT DIFFERENT LEVELS WITH CALCULATED 
PRESSURES 





Case, Sex, C5-6 C7-8 T5-6 Ti1-12 





Age(yt.) | N. (0z.) |F.N. (0z.)| F.N.T. | N. (0z.) |F.N. (0z.)| F.N.T. | N. (0z.) |F.N. (oz.)| F.N.T. | N. (0z.) |F.N. (0z.)) F.N.T. 
7 | a 2 16 oz. — | — ma | 4 36 oz. ] 40 oz. 

16 Ib./ 36 Ib./ 40 lb./ 

sq. in. | | sq. in. | sq. in. 

36 oz. — 56 oz. 48 oz. 

25 Ib./ 40 Ib./ | 34 Ib./ 

sq. in. sq. in. sq. in. 

24 oz. | 40 oz. 20 oz. 16 oz. 

17 Ib./ | 29 Ib./ 14 Ib./ 11 Ib., 

$q. in. | $q. in. sq. in. | sq. in. 














N. = normal posture F.N. = flexion of head and neck F.N.T. = flexion of. neck and trunk 
Calculations based on hook of 4 mm. width and on diameter of adult cord, cervical 1-4 cm., thoracic 1-0 cm. 


were made to include several segments. The pos- a rough indication of the magnitude of the forces at 
sibility of greater stretch by additional flexion of play. A movement of 3 mm. was arbitrarily chosen 
trunk and hips was investigated in four cases. as a value open to reasonably accurate measure- 
Recognizing that the manual force applied was not ment and one representing a displacement which 
certainly the same as that previously used and might readily be produced by a protrusion into the 
accepting results as a rough guide only, it seemed canal. Measurements were handicapped by a 
possible that under conditions of full flexion stretch tendency to slight continued movement or “creep” 
was somewhat increased. after the initial displacement produced by various 

The pressure exerted by the cord against the weights. Conversion of the actual forces into 
anterior wall of the spinal canal clearly varied in pressures was inaccurate since the surface of the 
different areas. In normal erect posture the dura dura and cord was curved and compressible and the 
and cord tended to lift out of the concavity of the exact area over which the forces were acting was 
cervical lordosis, as could be seen on unroofing the not known. The hook width was 4 mm. and for 
canal at dissection. They were held forward to a_ purposes of calculation it was assumed that its 
variable degree by adhesions to the posterior effective length was equal to the average adult 
common ligament, particularly above the level of diameter of the cord; a value two-thirds of the 
CS where there was minimal sliding movement. latter was taken for the 7-year-old subject. The 
Over the thoracic kyphus they were closely opposed _ results are therefore conservative. They refer to 
to the anterior wall of the canal. The results of the pressures between the anterior dura and the 
measurements of the anterior component of force anterior wail of the spinal canal and do not neces- 
exerted by the dura and cord at different levels and sarily indicate those acting between the cord and the 
in different degrees of flexion of the spine, in three canal. Although cushioned by the anterior dural 
normal subjects, are given in Table III. Mechanical sheath, cord pressures are likely to be similar since 
difficulties and the limitations of available techniques the chief cause of tension appears to lie in the 
made these rather crude, but until more accurate posterior dura. For displacements of | or 2 mm. 


measuring devices are available they are offered as forces were much less; thus in Case 28 at level 
4 
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C7-8 weights were 12, 16, and 28 oz. for movements 
of 1, 2, and 3 mm. respectively. 


Examination of Other Factors Tending to Produce 
Damage in Cervical Spondylosis 


This was done in three positions of the head and 
neck. In extension the canal could be seen to be 
narrowed from front to back, the ligamenta flava 
projected inwards, and small ridges were raised 
over each disc in the anterior wall. No difficulty 
was found in moving the cord and dura against 
the posterior wall of the canal and no tethering 
could be found in either roots, rootlets, or liga- 
menta denticulata. In normal posture the same 
findings were obtained. In flexion of the spine the 
cord was held forward by its own elasticity and by 
that of the dura, which appeared to be the greater 
of the two. The ligamenta denticulata appeared to 
lie in almost a coronal plane and the acute forward 
direction depicted by Kahn (1947) could not be 
verified as normal, although it could be partially 
reproduced by inserting a small dissector through 
the arch of the ligamenta and producing a sharp 
dorsal angulation of the cord. With the canal 
completely unroofed and the spine in normal 
posture, the dura and cord could indeed be shifted 
dorsally until nerve roots became taut, but this 
movement was beyond the normal limits of the 
posterior wall of the canal. The rootlets and liga- 
menta denticulata could similarly be tightened and 
each at about the same time. 


Discussion 

In a painstaking examination on four Rhesus 
monkeys, Smith (1956) showed, with radiographic 
measurements, that in flexion of the head and 
trunk from the fully extended position, the spinal 
cord moved towards the disc C4-5 from above 
downwards and from below upwards. Downward 
movements were up to a maximum of 1-6 mm. at 
the first cervical segment and upward shift was 
maximal and up to 5-9 mm. between discs T3-4 and 
T8-9. There was still 4 mm. of upward movement 
at L4-5. Results for man obtained here are not 
entirely comparable; measurements have been 
relatively crude and to the nearest millimetre only, 
while flexion has been variable from case to case 
and no way of flexing the trunk was feasible except 
by flexing the hips also. However, if a comparison 
is made, using observations at flexion of head and 
neck from the normal erect position, maximum 
movement in man appears to occur more cephalic- 
ally over the lowest cervical and the upper three 
thoracic vertebrae. 
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Smith also found that each segment of the cord 
was stretched in proportion to the amount of 
flexion at the joint immediately ventral to it, being 
greatest in the lower cervical and upper thoracic 
segments, and up to 24% in amount. In the present 
investigation greatest stretch was found in approxi- 
mately the same region with a maximum of 17:6 
and an average value of 10%. 

The importance of movement, stretch, ‘and 
anterior pressure in the human cord is not yet 
defined. However, the wide range of up-and-down 
movement, particularly in the lower cervical and 
upper thoracic regions, has at least a clear bearing 
on normal anatomical description. Any discussion 
of root direction whether based on radiological, 
surgical, or pathological examination, must at the 
same time define the position of the head and neck 
relative to the trunk. 

From a pathological point of view, it would seem 
probable that important effects might be produced 
in the cord by its movement, stretch, and compres- 
sion, over and against the anterior wall of the 
spinal canal and projections from it. These factors 
vary somewhat in their sites of maximum develop- 
ment. 

Movements are minimal at the C5 root and 
greatest at roots C8 to TS approximately, where their 
extent is such that two cord segments could be 
readily damaged by a single protrusion. Harmfu' 
effects of movement have been previously postu: 
lated by Spillane and Lloyd (1952) and by O’Connell 
(1956) and are likely to be greatest where the cord 
is stretched over a convexity thus exerting pressure 
anteriorly. Sections of the spine showing maximum 
flexion kyphosis probably vary with age and with 
the general mobility of the vertebral column, but 
would appear in adults to lie in the upper thoracic 
and lower cervical region. 

Stretch is greatest between roots C2 and T1. This 
might very well be a potent factor in increasing the 
damage of any pathological process within the cord 
substance by disrupting relationships between nerve 
cells and fibres and their delicate vessels. Normally, 
the stretching produced by lengthening of the spinal 
canal is distributed over a considerable length of 
cord and dura. Greatest flexion and greatest 
increase in length of spine occur in the cervical 
region but the stretch thus produced in the cord 
involves not only cervical but also thoracic segments. 
However, should thoracic stretch be prevented or 
modified by fixation of dura to disc protrusions 
then the full effect of flexion must be borne by 
such length of cord as is isolated above the area 
with adhesions. This probably accounts for the 
degeneration of cord found around the origin of 
thickened ligamenta denticulata by Bedford, 
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posanquet, and Russell (1952) in a case with dural 
adhesions to the posterior common ligament. 
Degenerative changes were indeed considered to be 
due to traction on the ligamenta. It was claimed by 
Allen (1952) that one of the chief objects of surgical 
removal of bony spurs in cervical spondylosis was 
to restore soft tissue glide and that relief of symptoms 
was proportional to the movements regained. This 
may act by allowing a greater distribution of stretch. 
It may not be too speculative to enquire whether 
more extensive pathological changes in the lateral 
columns owe such localization to the stresses of 
up-and-down movements acting through the liga- 
menta denticulata. 

Pressure against the anterior wall of the canal 
deserves further investigation. If longitudinal 
tension were equally distributed throughout the 
entire length of the cord and dura it would be possible 
to state in general terms that the anterior component 
of force would be proportional to the degree of 
convexity of the spine at any point. However, 
information on the degree of spinal curvature and 
changes in flexion at different levels and for different 
ages is not available apart from the statement that 
the maximum depth of the normal thoracic kyphus 
is at the sixth thoracic vertebra. Further, tension 
is not equally distributed, since the cervical dura 
may be much more taut in flexion than that at lower 
levels. Actual measurements are required. From 
he few observations made here it would seem that 
in normal posture and over a 3 mm. projection into 
the canal, an anterior pressure of about 2 Ib. to the 
square inch is exerted by the cord and dura. In 





flexion, pressures of 30 to 40 Ib. per square inch 
may be obtained. Degenerative shortening of the 
spine or any factors tending to slacken the dura 
would reduce the pressures possible against osteo- 
phytes and this may account for the fact that 
symptoms of spondylosis present chiefly in middle- 
aged groups (Clarke and Robinson, 1956) rather 
than increase steadily with age. 

Not only may movements and pressure inflict 
direct trauma on the cord but, by interference with 
its blood supply, they may conceivably cause 
indirect damage. Intermittent spasm, mechanical 
occlusion, or thrombosis of the anterior spinal 
artery might well occur. Such mechanisms have been 
implicated, particularly in cervical spondylosis. 
Flattening and blanching of the cord in cervical 
flexion and obliteration of venous channels over 
spondylitic spurs were noted by Allen (1952). The 
pattern of pathological changes in cervical myelo- 
pathy with spondylosis was thought by Mair and 
Druckman (1953) to correlate with the distribution 
of the anterior spinal artery. Vascular factors were 
felt io be important by Brain (1954 and 1956) and 
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by Logue (1952 and 1957) who suggested in effect 
that they could be the most important and final 
common mechanism causing damage from a variety 
of predisposing factors. 

Nerve roots resemble the cord in that they also 
show movement and stretch, varying in different 
sections of the spine, and can be held against pro- 
trusions from the anterior wall of the canal. They 
are also affected by spinal movements which open 
and narrow the intervertebral foramina. In exten- 
sion, as pointed out by Frykholm (1951), narrowing 
of the foramina may increase root pain when intra- 
foraminal protrusions are present. Maximal flexion- 
extension movements in the vertebral column occur 
from joints C2-3 to C6-7, according to data quoted 
by Smith (1956). Apposition of pedicles from 
osteoporosis and disc degeneration has been seen 
in the present dissections and would presumably 
also predispose to development of such symptoms. 

Up-and-down movements of the roots are pivoted, 
as it were, from the region of the dorsal root ganglia 
and are of greatest amplitude medially at their 
origin from the cord dura. As shown in Figs. 3 and 
4 they may ride over uncovertebral processes or 
other projections. Depending upon their original 
direction and proximity to the margins of their 
foramina, varying degrees of contact with pedicles 
can be produced. Should their course be ascending, 
then they may appear to be held up or hooked over 
the inferior pedicles in the lower cervical spine. 

In Fig. 3 (in extension) roots C6 and 7 may be 
seen to run closely over the inferior pedicles, while 
in flexion (Fig. 4) they lie well away and towards 
the upper margins of the foramina. Lateral move- 
ments of a very small order are also produced by 
flexion of the neck when upward movement of the 
dura and cord produces tightening of roots and 
slight inward shift. More marked lateral move- 
ments, although not more than 1-2 mm. in extent 
in the cadaver, may be observed in the cervical roots 
on abduction of the arm at the shoulder or on 
pulling the arm downwards. The marked anterior 
direction of cervical roots and their increased tension 
with flexion of the neck make for firm contact in 
up-and-down movements over lateral spurs or 
protrusions. Knight (1955) felt that friction was 
the major cause of rhizalgia in cervical spondylosis. 
The effects of lateral and up-and-down movements 
of roots over or against pedicles, uncovertebral 
processes, osteophytic, or disc protrusions might 
well result in root-sleeve fibrosis as described by 
Frykholm. Should the major cervical contribution 
to the anterior spinal artery be involved, serious 
cord damage again could be envisaged (Fig. 5). 

Among factors reported to predispose to root and 
cord damage in cervical spondylosis have been 





Fics. 3 and 4.—Case 57, M., 54 years. 


Ascending roots from C8 to T10 in normal posture. 


large osteophytic protrusion is seen. 


narrowing of thg canal in extension (Symonds, 1953) 
or infolding of the ligamenta flava (Taylor, 1953) 
as well as congenital or spondylitic narrowing 
(Clarke and Little, 1955; Payne and Spillane, 1957). 
None of these can be questioned as real factors, 
although their general importance may be difficult 
to evaluate. 

Other mechanisms holding the cord anteriorly in 
the canal, such as the tethering action of nerve roots 
and rootlets (O’Connell, 1956) or the ligamenta 
denticulata (Kahn, 1947), are less certain and the 


Fig. 3, in slight extension. 
The upward movement of dura and roots and altered relation to pedicles are well shown. 


In extension this is covered by the root. 


Fig. 4, flexion of head and neck. 
Below root C7 on the left a 


role of the ligamenta denticulata, although accepted : 
by a number of writers, has been questioned by F 


Logue (1957) and by Bradshaw (1957). In the 
present investigation their normal function haf 
appeared to be the transmission of up-and-dowl F 
stresses between the cord and dura rather than pro 
viding a mechanism to hold the cord in any particulat 7 
dorso-ventral position within the dura. Nor hap 
any evidence been found to incriminate the roots 4} 
means whereby the cord is held forward. Rather i! © 
is suggested that in flexion of the head and neck, § 
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Fic. $.—Excised cervical spine, illustrating the possibility of vascular 
damage in spondylosis. The major radicular contribution to the 
anterior spinal artery runs along the ventral rootlets of C7 and 
lies directly over a prominent osteophytic ridge. Vessels were 
injected with barium via the vertebral arteries, before dissection, 
and the cord has been turnedJover to the right side. Clinical 
diagnosis was amyotrophic lateral sclerosis with bulbar involve- 
ment. 
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movements and stretch of cord and roots and the 
development of anterior components of force over a 
convex spine are likely to be more important factors 
in causing myelopathy and radiculitis. Conversely 
the absence of neurological changes in gross 
examples of spondylosis may be related to loss of 
spinal movements or to laxity of the dura, or to any 
combination of factors whereby stretching and 
anterior pressure on the cord are minimised. 


Summary 


Up-and-down movements of the spinal cord 
and dura were examined in _ flexion-extension 
movements of the head and spine. They were found 
to be of greatest extent and up to 1-8 cm. in range 
at the levels of roots C8 to TS. In flexion the 
length of the spinal canal was increased and there 
was stretching of the cord and dura, chiefly between 
levels of roots C2 to Tl, and up to a maximum of 
176%. An attempt was made to measure the 
anterior component of force exerted by the cord and 
dura under various degrees of tension. This was 
found to reach maximum values of 30 to 40 Ib. 
per square inch for a displacement of 3 mm. The 
effects produced in the cord and roots by movements, 
stretch, and pressure against the spinal canal and 
any projections within it were considered and 
thought probably to have significance in the pro- 
duction of myelopathy and radiculitis, particularly 
in cervical spondylosis. 
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SPINAL WITHDRAWAL REFLEXES IN THE HUMAN val 
LOWER LIMBS < 

0 

BY 60 
K. E. HAGBARTH P’ 

From the Department of Clinical Neurophysiology, the University Hospital, Upsala, Sweden an 

Or 

In his original description of the nociceptive reflexes obtainable from the lower limbs of patients ti 
flexion reflex in vertibrate animals Sherrington (1910) with spastic paraplegia was carried out by Marshal} ™ 
declares that even though the reflex is most readily (1954) who demonstrated that ipsilateral extension | @ 
elicited from the foot, it has a receptive field which __ reflexes could be elicited from various skin areas o, | ™ 
includes “‘the skin of the whole limb as far up as the _ the leg, thigh, and perineum and that the nature ot) * 
groin in front, the perineum medially, and the the skin stimulus often determined whether flexiono: | ™ 
ischial region behind’. He states that noxious extension ensued. He found no clear evidence tha | 
stimuli within this field cause not only a contraction extension reflexes were more easily elicited from skin) ™ 
of the flexors of hip and knee and the dorsiflexors overlying extensor muscles than from flexor surfaces . 
of foot and digits, but also a relaxation of antagon- The nociceptive cutaneous reflexes in the lower) “ 
istic extensors and plantar flexors. In addition, he limbs of man have also been investigated with an a fe 
points out that even though the ensuing movement electromyographic technique (Kugelberg, 1948:f 


is always a flexion of the limb “‘there comes to be 
some accentuation of movement at this joint or that 
according as the skin-point stimulated lies in this 
limb-region or that” (the phenomenon of “‘local 
sign’’). 

It was recognized quite early, however, that 
ipsilateral extension reflexes could also be elicited 
from the skin or the cutaneous nerves. The 
‘“‘extensor thrust’’ represents an example of such a 
reflex, and it was also noted that modification of the 
stimulus applied to sensory nerves sometimes 
changed the motor response obtained from a flexion 
to an extension reflex (Sherrington and Sowton, 
1911; Brown, 1912; Brown and Sherrington, 
1912). These authors’ final conclusion was that in 
vertibrate animals there exist ipsilateral extension 
reflexes of cutaneous origin; they are often con- 
cealed by the dominant flexion reflex but they can 
be uncovered by varying the site and nature of the 
stimulus. In an attempt to make a further analysis 
of these spinal extension responses, Hagbarth (1952) 
mapped the receptive skin fields for various flexor 
and extensor muscles in the cat’s hind leg and found 
that local extension reflexes could be elicited from 
certain skin areas which were mainly localized over 
the extensor muscles themselves. 

Formerly many clinicians believed that extension 
reflexes could not appear after a complete transection 
of the spinal cord in human beings, but observations 
of Kuhn (1951) and other workers have shown that 
this is not so. An extensive study of the cutaneous 
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Hoffmann, Schenck, and Ténnies, 1948; Dodt and 
Koehler, 1950; Pedersen, 1954) but so far no 
systematic analysis of the receptive fields for} 
individual muscles has been performed, and thus it | 
is still unknown if the local extension reflexes seen | 
in the cat exist also in man. It seemed that such an} 
analysis of spinal skin reflexes in healthy subjects 
might help to clarify the mechanisms responsible | 
for “abnormal” reflex patterns characteristic of 
upper motor neuron disease. 








Methods 2 

Most experiments were performed on the author P 
himself, others on medical students. The subject was 
sitting, lying, or standing in different positions while 
noxious electric stimuli were systematically applied to 
different skin areas in one of the lower limbs. The | 


stimuli were obtained by letting an electric current | . 


(square wave pulses at 500 to 1,000/sec.) pass through the : 
sharp tips of a small bipolar needle electrode (interpolar J 
distance 2 to 3 mm.) held in contact with the skin. A f 
current of 5 to 10 mA., lasting 10 to 30 m.sec. was usually 1 
sufficient to cause an intense burning sensation from the | 
skin and a withdrawal reaction of the extremity. 

Muscular activity was recorded with bipolar needle F 
electrodes and after adequate amplification the potentials f 
were displayed on the beam of a cathode-ray oscilloscope, F 
the sweep of which was synchronized with the electrical © 
skin stimulus; in order to visualize not only excitatory 
but also inhibitory effects of the stimulus a background 7 
of slight “voluntary” contraction was usually maintained f 
in the muscles recorded. Three to five stimuli in succes: 
sion were regularly applied to each skin area of the limb FF 
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SPINAL WITHDRAWAL REFLEXES IN THE HUMAN LOWER LIMBS 


and the ensuing reflexes, as displayed on the oscilloscope, 
were superimposed on photographic paper. 


Results 


A series of preliminary experiments showed how 
various muscles in the extremity react to a noxious 
stimulus applied most distally on the plantar surface 
of the hallux. After a latency varying from about 
60 to 80 m.sec. a reflex discharge appeared in some 
of the muscles while others were inhibited. The 
reflexes were regularly followed by “silent periods” 
and the inhibitions by secondary discharges. 
Occasionally the cyclic activity persisted for a longer 
time and involved several alternating periods of 
excitation and inhibition, a phenomenon which has 
earlier been described both in connexion with the 
flexion reflex (Hoffmann, ef al., 1948; Schenck and 
Koehler, 1949) and the abdominal skin reflex in 
man (Kugelberg and Hagbarth, 1958). When 
attention was focused on the initial effect of the 
stimulus, however, it turned out that the following 
muscles responded with a reflex discharge: The 
tensor fasciae femoris, the sartorius, the rectus 
femoris, the tibialis anticus, the peroneus longus, 
and the extensor brevis digitorum, while the follow- 


Fic. 1. — Reflex res- 
ponses in the gluteus 
maximus evoked by 
noxious skin stimuli 
within various re- 
gions of the limb. 
The shadow _indi- 
cates the localiza- 
tion of the muscle 
investigated and the 
radiating lines indi- 
cate from which skin 
areas the various re- 
sponses were elicit- 
ed. Black bars in the 
beginning of each 
record show the 
duration of the sti- 
mulus. The lower 
middle record shows 
the control back- 
ground activity in 
the muscle. Three 
to five sweeps are 
superimposed in 
each record. Time, 
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ing were inhibited: The gluteus maximus, the vastus 
medialis, the vastus lateralis, the gastrocnemius, the 
soleus, and the flexor brevis digitorum. The 
responses in the semimembranosus and the semi- 
tendiknosus were somewhat variable but usually 
the former was inhibited while a reflex appeared in 
the latter. 

The muscles listed agree very well with those enu- 
merated by Sherrington (1910) in his description of 
the muscles participating in the flexion reflex of 
vertebrate animals. Moreover, the jatencies of the 
responses are short enough to indicate that these 
reflexes in man are also mediated by spinal reflex 
arcs (cf. Kugelberg, 1948; Pedersen, 1954). It is 
consequently safe to conclude that a noxious 
stimulus to the plantar surface of the hallux in man 
evokes a reflex which closely resembles the flexion 
reflex of Sherrington. As will be shown, however, 


other reflex patterns appear when the skin stimulus 
is applied to more proximal parts of the limb. 
Fig. 1 shows how the response in the gluteus 
maximus changes as the skin stimulus is systematic- 
ally moved from one skin area to another along the 
ventral and dorsal aspect of the entire limb. This 
muscle was inhibited from most skin areas but it 
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Fic. 2.—Responses in the vastus medialis to skin stimuli of various localizations. For further description see legend 


to Fig. 1. Time, 100 c.p.s. Cal. 0-5 mV. 







regularly responded with a brisk initial reflex dis- 
charge to skin stimuli in the gluteal region. It was 
not possible to define any exact boundaries between 
the excitatory and inhibitory skin fields. Individual 
variations were observed, but usually the reversal of 
the response appeared gradually as the stimulus 
was moved in a proximal direction on the dorsal 
aspect of the thigh. 

As shown in Fig. 1, the duration of the initial 
inhibitory phase tended to decrease as the stimulus 
was shifted further proximally. In particular the 
responses elicited from the ventral part of the thigh 
were characterized by a short inhibitory phase 
followed by a rapid secondary discharge. The most 
probable explanation of this phenomenon seems to 
be that the more proximal the stimulus, the less 
dispersed the sensory signals entering the reflex 
centre. As a consequence the immediate motor 
response is better synchronized and the ensuing 
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cyclic changes are likely to reach higher frequencies, 
be these due to intraspinal mechanisms or external 
circuits. 

The next muscle investigated was the knee 
extensor, the vastus medialis (Fig. 2). It was 
inhibited from most skin areas of the limb, including 
the gluteal region, but usually initial discharges 
appeared when stimulating the ventral part of the 
thigh. The superposition technique proved to be 
of great value in these experiments where it was 
important to distinguish between primary excitatory 
effects and rebound discharges following a short 
initial inhibition. Occasionally a stimulus to the 
ventral part of the thigh caused a brief initial in- 
hibition in the vastus medialis, but then a small shift 
of the electrode position was all that was needed to 
recover the primary excitatory effect. 

A closer study of Figs. 1 and 2 reveals how the 
latency of the responses gradually decreases as the 
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3.—Responses in the 
gastrocnemius (medial 
head) to skin stimuli 
within various limb re- 
gions. For further des- 
cription see legend to 
Fig. 1. Time, 100 c.p.s. 
Cal. 0-5 mV. 































4.—Responses in the 
tibialis anticus to skin 
stimuli of various localiza- 
tions. Note that the re- 
sponses are reciprocal to 
those recorded in the 
gastrocnemius (Fig. 3). 
Time, 100 c.p.s. Cal. 0-5 
mV. 
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stimulus is moved upwards on the limb. The latency 
of the initial inhibition decreases from about 65 to 
35-40 m.sec. as the stimulus is moved from the foot 
to the perineal or ischial region, a distance which in 
this subject was about | m. Assuming that varia- 
tions of intraspinal conduction time can be neglected, 
this would correspond to a sensory conduction 
velocity of 33 to 40 m.sec., a rate which indicates 
that even larger sensory fibres than those of the 
delta group are involved (cf. Kugelberg, 1948; 
Pedersen, 1954). It should be added that the 
stimulus intensity in the present experiments was 
kept as constant as possible in order to minimize 
latency changes due to variations in the strength of 
the stimulus. - 

Occasionally it appeared as if the primary dis- 
charges, elicited from the gluteal region and the 
ventral part of the thigh respectively, had a some- 
what longer latency than the inhibitory responses 
evoked from neighbouring skin areas. This im- 
pression, however, was mainly obtained in those 
instances when the discharges had a more gradual 
onset than the inhibitory effects. Minor differences 
were therefore hard to evaluate and on the whole the 
two types of responses had similar latencies. 

The gastrocnemius and the soleus, the plantar 
flexors of the foot, behave, according to Sherrington, 
as extensor muscles inasmuch as they are usually 
inhibited by ipsilateral noxious skin stimuli. In the 
present study these calf muscles were found to react 
to the skin stimuli in the following way. Stimuli to 
the dorsal side of the limb, from heel to thigh, 
caused an initial reflex discharge while stimuli to 
most parts of the foot caused inhibition. As a rule, 
small initial discharges could be elicited also from 
certain areas on the ventral side of the leg while 
stimuli on the ventral side of the thigh usually were 
ineffective (Fig. 3). 

The tibialis anticus, the prime antagonist to the 
calf muscles, responded to the skin stimuli in a re- 
ciprocal way. It was consequently inhibited from 
those skin areas which had an excitatory effect on 
the gastrocnemius and the soleus (Fig. 4). 

As a rule, the responses of the various muscles 
appeared most distinctly when displayed against a 
“‘voluntary’’ background activity of moderate 
strength. The gastrocnemius, which is a double- 
joint muscle, was “‘voluntarily’’ activated either as a 
plantar-flexor of the foot or as a flexor of the knee. 
The mode of activation, however, had no appre- 
ciable influence on the reflex patterns described. 
These were also approximately the same whether 
the subject was standing on the leg, sitting, or lying 
in different positions. 

From the clinical point of view, the plantar- and 
dorsi-flexors of the toes attract a special interest as 
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they are the main participants in the normal planta; 
and Babinski responses. The way in which they 
muscles react to ipsilateral noxious skin stimuli form; 
the main theme in a separate and independent stud, 
by Eklund, Grimby, and Kugelberg (1959). 


Discussion 

It seems very likely that the reflexes described ip 
the present paper are of cutaneous origin. The 
shape of the stimulating electrodes and the para. 
meters of the electrical current were especially 
chosen to give a superficial burning sensation from 
the skin and it was repeatedly checked that the 
stimuli did not cause any radiating pain, or any 
indirect muscle contractions, even when the electrode 
was placed on purpose over some of the main motor 
nerve trunks. 

As already mentioned, it also seems safe to con- 
clude that the reflexes are mediated by spinal reflex 
arcs. The gradual decline of latency as the stimulus 
is moved proximally (shown for the inhibitory 
responses in Figs. 1 and 2) allows not only an 
approximate estimation of the conduction velocity 
of the sensory fibres mediating the flexion reflex 
(33 to 40 m.sec.), it also indicates that the central 
delay must be relatively short. As shown in Fig. |, 
the inhibitory responses in the gluteus maximus 
elicited from the perineal region had a latency of 
35 to 40 m.sec. and in this case it was estimated that 
the conduction distance to the spinal cord could 
hardly be less than 45 cm. With a sensory con- 
duction velocity of 33 to 40 m.sec. this means a 
peripheral sensory delay of about 13 m.sec. and 
consequently 22 to 27 m.sec. are left for central delay 
and motor transmission. Considering that allow- 
ance should be made for a period of temporal 
summation, this delay can hardly permit participa- 
tion of pathways higher than spinal in the basic 
reflex arcs (cf. Dawson, 1947). Since the latencies 
are approximately the same for the inhibitory and 
excitatory effects on the extensor muscles, it must be 
assumed that the latter kind of responses also are 
mediated by spinal paths. 

Fig. 5 summarizes the results by showing the 
distribution of the excitatory and inhibitory skin 
areas for the muscles investigated. It must be 
emphasized that the boundaries between the different 
areas are often quite vague and also that individual 
variations may exist which have not been encoun- 
tered in the present study. Even so, it seems 
justifiable to present this schematic drawing as 4 
basis for further discussion. 

The results agree fairly well with those obtained 
in vertebrate cats inasmuch as the extensor muscles 
tend to be excited from skin areas mainly localized 
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Fic. 5.—Diagrams showing the approximate extent of inhibitory and 
excitatory skin areas for the muscles investigated. 


over the extensors themselves (Hagbarth, 1952). 
This generalization certainly does not hold in a 
strict anatomical sense but it serves the purpose of 
describing the main results in relatively few words. 
There is little doubt that the main biological 
purpose of the ipsilateral nociceptive skin reflexes is 
to cause a rapid movement away from the offending 
object. To be effective, such withdrawal movements 
must be quite specific in regard to the localization 
of the skin stimulus and it is easy to realize that an 
extension movement often serves the protective pur- 
pose better than a flexion. The initial position of 


the limb, however, must also be considered when it 
comes to evaluating the withdrawal capacity of a 


motor pattern. The protective function of the local 
extension reflexes becomes apparent only if it is 
assumed that the subject at the time of the stimulus 
is walking or standing on the limb (see Fig. 5). 
When the calf muscles in this situation contract to a 
noxious stimulus on the dorsum of the leg, the 
lifting of the heel initiates a step which brings the 
limb away from the stimulus. It is also evident that 
extension of the knee tends to cause withdrawal 
from a stimulus on the distal ventral part of the 
thigh and that extension of the hip is the adequate 
withdrawal reaction to a stimulus in the gluteal 
region. It should again be pointed out, however, 
that the local extension reflexes were elicitable not 
only when the subject was standing on the leg, but 
also when he was sitting or lying in various positions. 

It is by no means a novel observation that skin 
stimuli to the buttocks may evoke a reflex discharge 
in the gluteal muscles. Neurologists have long been 
familiar with the fact that a skin stroke in the ischial 
region tends to evoke a gluteal contraction and it is 
also known that a loss of this reflex may be in- 
dicative of pyramidal disease. The gluteal reflex is 
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usually regarded as analogous to the abdominal 
skin reflexes which, no doubt, have certain proper- 
ties in common with the local limb reflexes described 
in the present paper. It was recently shown (Kugel- 
berg and Hagbarth, 1958) that the abdominal skin 
reflexes are part of an elaborate spinal defence 
mechanism which is so organized that independently 
of whether a noxious skin stimulus is applied to the 
front, side, or back of the trunk, it evokes a con- 
traction in adjacent underlying muscles and a 
reciprocal inhibition of antagonists on the opposite 
side of the trunk. The various local cutaneous 
trunk reflexes, which Duensing (1952) described as a 
sign of extrapyramidal disease, may also serve to 
exemplify how skin stimuli tend to evoke reflex 
contractions in adjacent underlying muscles. 

At present, experiments are being performed to 
find out how the local extension reflexes are affected 
in pyramidal and extrapyramidal disease. Pre- 
liminary results indicate that the reflexes are often 
weak or absent in patients with spastic paralysis 
while they may be quite vivid in athetosis. The 
number of patients investigated is still too small, 
however, to warrant any definite conclusions. 


Summary 


Spinal nociceptive skin reflexes in the human 
lower limbs have been analysed with an electromyo- 
graphic technique. It is shown that the reflex 
patterns vary considerably according to the localiza- 
tion of the ipsilateral skin stimulus. Besides the 
patterns of the flexion reflex there are local extension 
reflexes which are mainly elicitable from skin areas 
covering extensor muscles. It is believed that these 
local extension reflexes serve a protective purpose 
in that they can cause an effective withdrawal of the 
heel, knee, and buttock, especially when the limb 
supports the body weight. 
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In spite of the opportunity afforded by neuro- 
logical cases for the study of the association of 
reading, writing, and spoken speech disorders, there 
is little agreement on the question whether these 
disabilities may exist independently or are neces- 
sarily parts of a general language disturbance. 
Where a disorder of reading has been found to be 
the major disability it has been accepted by some 
authors as a partial agnosia or a selective symbolic 
defect (Holmes, 1950; Symonds, 1953; Brain, 1955). 
On the other hand Critchley (1953) has held that 
such a dyslexia forms part of a more general disorder 
of language, as shown by the concomitant minor 
grades of speech defect. Other authors have sought 
to explain similar cases of reading disorder on the 
basis of fluctuating visual sensory efficiency (Berin- 
ger and Stein, 1930), of visual disorientation (Martin, 
1954), or of alterations of eye movements (Warring- 
ton and Zangwill, 1957). However, another 
disability seen even more frequently in association 
with dyslexia, defective identification of colours, has 
not been thought to give rise to the disorder of 
reading. 

Dysgraphia has been accepted by some authors 
(e.g., Gerstman, 1940) as a disability that can be 
seen without disturbances of spoken speech and 
reading. Critchley (1953) has sought to explain this 
form of dysgraphia as a disability of execution, a 
dyspraxia for writing. Again, it is noteworthy that 
the other features of the Gerstman syndrome— 
dyscalculia, finger agnosia, and right-left disorienta- 
tion—are not invoked to explain the dysgraphia. 
It is, moreover, plausible that these are the results of 
proximity of functional areas rather than bearing 
any functional inter-relationship. 

In the present paper we wish to present further 
evidence for the occasional “independence” of 
dyslexia and dysgraphia from dysphasia, first, by a 
conventional detailed report of one patient; and 
second, by a survey of a series of unselected cases of 
language disability. For this purpose we refer to 
dyslexia as the inability to read correctly words and 
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letters aloud; dysgraphia, as the inability to write 
correctly on paper; and dysphasia, as a defect of 
spoken speech as conventionally assessed by clinical 
testing. 


Case Report 


Clinical History.—A_ theatrical entertainer (R.H., 
N.H. 84427), aged 45, was admitted as an emergency to 
the National Hospital, Queen Square, on February 25, 
1959, under the care of Dr. Carmichael. Five days 
previously while sitting quietly and reading, he suddenly 
experienced severe, throbbing, bifrontal headache, 
Shortly after, he vomited twice and was aware of diffi- 
culty of seeing to the right, diplopia, and an inability to 
read. Unassisted he visited his physician who pre- 
scribed rest and an unknown medication. He did not 
experience disorientation or motor disability. During 
the next few days moderately painful headaches recurred. 
Reading remained affected as did the difficulty in seeing 
things to the right. He had a second episode of severe 
headache similar to the first on the day of admission. 
During admission no obvious signs of illness were seen. 
He dressed in hospital attire and got into bed with the 
facility of a healthy individual. 


Clinical Examination.—He was a rather florid, slightly 
obese, right-handed man. Temperature was 98:-4'F., 
pulse 80, respirations 20, blood pressure 140/90 mm. Hg. 
No abnormalities were found outside the central 
nervous system. 

Spontaneous spoken speech was normal, the account 
of the illness being told with clarity and ease. Direct 


questioning requiring specific responses revealed several ° 


abnormalities. There was partial disorientation in time. 
With complex, but not with simple, instructions he had 
difficulty in identifying parts of his body, and in per- 
forming other actions. Naming of objects showed a 
tendency to perseveration. He was unable to read or 
spell aloud single words. Writing to dictation was 
grossly abnormal. Spontaneous writing, although 
inaccurate, was not as severely impaired. 

When first examined the skull was considered normal. 
On re-examination following carotid arteriography, a 
pulsatile left occipital artery was palpable and a low- 
pitched, continuous bruit could be heard in a quiet room. 
The neck was moderately rigid with a positive Kernig’s 
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sign. Examination of the visual fields demonstrated a 
right homonymous hemianopsia. A light could just be 
discerned in the right lower quadrant but was invisible 
in the quadrant above. Moving objects (such as the 
hand) could not be seen in either quadrant. The right 
pupil was slightly larger than the left. Both reacted 
briskly to light and on convergence. Fundi were normal. 
Visual acuity tested with the illiterate ““E” chart was 
6/9 in the right eye and 6/6 in the left. There was no 
diplopia or nystagmus. Other cranial nerves were 
normal. No abnormality of power, tone, coordination, 
development, or reflexes was observed. A suggestion of 
astereognosis in the right hand was the only sensory 
abnormality. 


Investigations.—On February 25, 1959, urine was 
normal. Cerebrospinal fluid pressure was 170 mm. 
C.S.F. with a free rise and fall, and the fluid appeared 
cloudy. There were 2,100 leucocytes per c.mm. of 
which 90° were polymorphonuclear. Erythrocytes 
were 1,600 per c. mm., the protein 140 mg.%, glucose 
47 mg.°%. Culture showed no growth at 18 and 36 hours. 
No tubercle bacilli were found by smears. 

An opaque right antrum was the only abnormality 
on radiographs of the skull. The chest radiograph was 
normal. Left carotid arteriography (Dr. R. S. C. Couch) 
demonstrated an arteriovenous malformation in the left 
occipital region which appeared to be fed by a iarge left 
occipital artery (Fig. 1). The anterior cerebral artery was 
shifted about 5 mm. to the right of the midline. The 
possibility of a left-sided haematoma was raised. No 
other abnormalities were seen. The presumptive diag- 
nosis of haemorrhage from an arteriovenous mal- 
formation was made. 

Subsequent investigations were as follows: 

On February 29 the cerebrospinal fluid appeared 
faintly yellow and there were 10 leucocytes per c. mm., 
7 of which were lymphocytes, and 3 large monocytes; 
protein 80 mg. %. 

On March 12 it was yellow and Clear, lymphocytes 
5 per c. mm., protein 90 mg. %. 

An E.E.G. on March 3 (Dr. E. Poole) showed a 
moderate disturbance in the left temporal area most 
obvious anteriorly but possibly extending well back 
because of the alpha asymmetry. A second E.E.G. 
on March 17 (Dr. E. Poole) showed no significant change 
although the right-left asymmetries seemed less prominent 
and the slowest components less obvious. 

An otological examination on March 20 (Dr. M. R. 
Dix) reported findings in accordance with a lesion of the 
left cerebral hemisphere affecting the supra-marginal and 
angular gyri or their central pathways. 


Progress.—Complete bed rest and symptomatic 
therapy were ordered. 

Headaches subsided until the evening of March 5 when 
a moderately severe occipital pain lasted for several hours. 
Next day he had no complaints. Again on March 9 he 
had a more severe headache, mainly left supra-orbital 
but extending back to the occiput on the same side. It 
lasted for about three hours causing the patient con- 
siderable distress. With each headache, the language 


disorders became temporarily more pronounced. On the 
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Fic. la and b.—Left carotid angiography shows in the left 
occipital lobe a vascular anomally fed by the occipital 
artery. 


following day he appeared to have returned to the 
previous level of improvement. 

Neck rigidity disappeared in the first few days after 
admission but the field defect was unchanged. After 
three weeks, short periods of ambulation were permitted 
and gradually all normal activity was resumed. On the 
day of discharge (March 26) he was free from headache 
but still retained some difficulty in reading. 


Follow-up.—The patient was re-examined on July 21, 
1959. His clinical condition was unchanged except for 
an improvement of visual acuity to V.A.R. 6/5 and 
V.A.L. 6/5. 
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On December 8 re-examination showed splitting of 


the macula with the right hemianopsia but no other 
change. 


Psychological Examination.—The patient was tested 
daily (excepting Sundays) between February 26, 1959, 
and March 20, 1959, and he was again seen on March 26, 
July 21 and 22, and on December 8, 1959. He was 
always cooperative and never appeared depressed or 
especially anxious. He did not tire easily during testing. 


Intellectual Testing.—The patient’s intellectual pro- 
ficiency was assessed on most of the subtests of the 
Wechsler-Bellevue scale and also in various other ways. 
Verbal tests indicated moderate impairment. Thus he 
scored above average on the vocabulary subtest (weighted 
score of 14 on March 14, 1959), but below average on 
similarities (weighted score of 6 corrected for age on 
March 6) and also on digit span (weighted score of 
8 on March 6). He failed to learn the Babcock sentence 
in eight trials both on February 27 and March 12, but 
made only one error in his last two attempts on the latter 
date. He repeated it correctly after six trials on March 
26. His interpretations of proverbs were mildly impaired 
as also was his memory for events of general interest and 
for their dates on March 4. 

When he was retested on July 22 there was evidence of 
consistent improvement. Thus his score on the simi- 
larities test had risen to 12 and on digit span to 9. 

In general his performance on non-verbal tests was 
rather better. Thus he scored close to the average on the 
picture completion subtest (weighted score of 11 on 
March 2), on picture arrangement (weighted score of 9 
on March 16), and on block designs (weighted score of 9 
on March 13). Interestingly, he scored well below the 
average on the digit symbol subtest (weighted score of 6 
on March 14). He passed Weigl’s sorting test on 
February 28 and was able to give fair to good interpre- 
tations of pictures and pictorial absurdities (Terman scale) 
on February 27. He was tested on three sets of Raven’s 
matrices on March 13 and gave answers which would 
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suggest a level below the average. His performance on 
the memory for designs test (Terman M scale) on March 4 
was probably also impaired (score of 1 where maximum 
obtainable is 2). 

There was improvement also on non-verbal tests when 
he was retested on July 22. His score on picture com- 
pletion was now 15, on picture arrangement 10, on 
block designs 11, and he scored 8 on the digit symbol 
test. 

His ability to calculate was severely defective. Both 
mental and written arithmetic were affected. Thus he 
gave only two correct answers on the arithmetic subtest 
of the Wechsler-Bellevue scale (weighted score of 2 on 
March 16) and failed in every instance when required to 
solve simple written sums involving addition, subtraction, 
multiplication, or division on March 2 and March 13. By 
contrast he was able to count scattered objects and 
assemble given numbers of objects without error on 
February 28. 

This severe initial disability had largely improved by 
July 22. His score on the arithmetic subtest was now 10 
and he was able to solve all simple written sums correctly. 


Spoken Speech.—At no time was there a severe 
dysphasia. The patient’s moderate to minimal speech 
disturbance became apparent only through the occa- 
sional use of an odd word between February 26 and 
March 2, and by his subsequent occasional loss for a word 
and on formal tests of naming objects. He gave 84% 
correct responses when required to name objects from a 
standard test series on February 27 and then improved to 
100% correct with the same series on March 6. However, 
when required to find a name by definition (using the 
microscope, telescope, stethescope, periscope type of 
series) he scored 83% correct on February 27 and only 
86% correct on March 12. At this time he was also still 
unable to find the name of some few uncommon objects 
pointed out to him. 

His nominal disability had further improved by July 21 
but he was still slow when required to find names by 
definition, and he was not able to name the buckle on a 


TABLE I 
PROGRESSIVE IMPROVEMENT OF INTELLIGENCE TEST SCORES IN CASE R.H.* 





Wechsler-Bellevue 














Scale I Tests February 26-March 4 March 5-11 March 12-18 July 21-22 
Vocabulary | a -~ 14 12 
Similarities — 6 — 12 
Digit span — 8 — 9 
Arithmetic — — 2 10 
Picture completion 11 — — 15 
Picture arrangement — — 9 10 
Block designs — — 9 11 
Digit-symbol — — 6 

* The figures represent weighted scores corrected for age. 
TABLE II 
PROGRESSIVE IMPROVEMENT OF SPOKEN SPEECH IN CASE R.H. 
| Feb. 26-Mar. 4 | Mar. 5-11 Mar. 12-18 Mar. 19-25 Mar. 26 July 21-22 Dec. 8 
Expressive defect None | None None None None None None 
Receptive defect Slight | None None None None None None 
Nominal defect Moderate | Slight Slight Slight Slight Minimal Minimal 
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watch-strap when tested on a series of 20 objects. His 
performance was unchanged on December 8. 

Comprehension of speech was initially a little slower 
than might be expected but never gave rise to mistakes. 
When tested formally on March 5 with some of the 
complicated instructions from Burt’s series (given orally) 
he made no error. There was no expressive speech 
disturbance. 


Reading.—The patient’s disorder of reading was 
initially severe but had improved considerably by 
March 20 and could be detected only by careful testing 
on March 26, July 21, and December 8. He found it more 
difficult to read letters than words, but reading of every 
kind of written material, excepting only musical notation, 
was affected to some extent. The patient was fully aware 
of his disability and of its consequences, and made efforts 
to improve his reading by practice. 

His reading of single letters was tested in a variety of 
ways. Written or printed capital letters were all read 
incorrectly on February 27 but correctly in 50% of 
attempts on March 2, in 85°f on March 13, and in 100% 
on March 26 and July 21. On December 8 he read 
P for F. He still made one error, mistaking a p for a g, 
in reading a random alphabet of small printed letters 
on March 26 and a different mistake (1 for i) on July 21 
and December 8. When he was asked to read capital 
letters that formed part of words which he had just 
previously read correctly he obtained scores of 82% 
correct on March 4 and 91% correct on March 17. 
Letters that had been written by himself he read correctly 
in 55°%% of attempts on March 4 and in 100% on March 
17. He found large plastic (solid) capital letters no easier 
to read than printed letters, since he scored only 40% 
correct on March 3 and 80% correct on March 11. On 
July 21 he made no error. He scored 74% correct on 
March 3 and 80% on March 11 when asked to select a 
given (named) letter from among 10 scattered solid 
letters. On July 21 he was slow and doubtful when asked 
to find the letter Y, but otherwise made no mistakes. 

When printed words were offered singly he read 17% 
correctly on February 27, 80% correctly on March 9, and 
92% on March 26. On this date he still misread it for at, 
wil for wit, jim for dim, mop for mob, and tape for tap. 
There was only one error (in 100 words) when he was 
tested with the same series on July 21. His reading 
standard for words was equivalent to that of the average 
11-year-old child (by Burt’s scale) on March 17 and also 
on December 8. Only 40% of words forming part of 
short sentences were read correctly on March 2 but this 
improved to 97% on March 13. Words forming part of 
connected passages of prose were rather easier for him to 
read (80% correct on March 4 and 97 % correct on March 
17). However, only 80% of single words formed of 
solid letters were read correctly on March 11. 

The patient was able to comprehend correctly, although 
rather slowly, the meaning of written words. This was 
tested by displaying a number of objects and requiring 
the patient to read silently from a list one name at a time 
and then to point to the appropriate object. No 
error was made on March 9 or on July 21 in 10 trials on 
which the words had been correctly read. However, 
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neither on March 5 nor on March 17 was he able to 
comprehend or correctly perform written instructions 
(taken from the 7- and 10-year levels of Burt’s scale). 
This difficulty may merely have reflected his inability at 
this time to read sentences or longer passages without 
error rather than a genuine disorder of comprehension. 
The same instructions were correctly comprehended on 
July 21. 

He made many errors initially in reading both arabic 
and Roman numerals, but improved rapidly in the case 
of arabic figures, from 0°% correct on February 27 and 
25% correct on March 2 to 100% correct on March 13 
and March 26. His score with Roman numerals varied 
between only 10% and 30% correct right up to July 21, 
and may indeed reflect, as he claimed, a long-standing 
unfamiliarity with this notation. Other symbols, such 
as the multiplication, percentage, exclamation signs, and 
the sign of the London Passenger Transport system also 
gave rise to difficulty (71% identified correctly on 
March 2, 60% on March 13, 63% on July 21, and 70% 
on December 8), and he was unable to read the clock 
correctly in more than about two-thirds of trials on 
March 3, March 18, and July 21. He was slow, but made 
no errors in reading the time on December 8. Atypically, 
he found it more difficult to identify letters and numerals 
traced on to the palm of his hand or on to his forearm 
than to read visually. Thus he failed at all attempts on 
February 27 and correctly identified letters in only 50% of 
trials and of numbers in only 44% on March 9 and in 
30% on July 21. Solid plastic letters were recognized by 
touch alone (both hands) in 35% of attempts on 
February 27 and in 70% on March 11. 

In contrast to his defective recognition of letters, 
words, symbols, and numerals was his ability to read 
musical notation apparently as well as he had ever done 
so. He had in fact never studied music but learnt a 
rhyme which enabled him to read certain notes. These, 
with one mistake, he identified with apparent ease on 
March 2. He read not very distinct flat and sharp 
notations quite easily, scoring 94% correct overall for 
musical notation. On March 5 and March 20 he was 
asked to make written records of short rhythms tapped 
with a pencil on a table. His records were correct within 
the framework of his own notation in 80% of attempts 
on both of these dates. When asked thereupon to 
reproduce the rhythms by tapping and reading from: these 
written records, he successfully interpreted his own 
notation in 90% of trials on March 5 and in 100% on 
March 20. 

It was not easy to analyse the disorder of reading 
because there was such rapid improvement from almost 
total loss to good proficiency between February 27 and 
March 26. Nevertheless, some qualitative observations 
are of interest. The right-sided field defect was probably 
of only initial importance. Thus, on February 27 when 
given a matrix of words (with horizontal lines and vertical 
columns) he read down the left-hand column rather than 
across the top line. However, by March 4 he had learnt 
to allow for his field defect when reading and no longer 
gave evidence of actual neglect of material to the right of 
his fixation point. Nevertheless, even as late as on 

March 17 and July 21 he was still making more mistakes 
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TABLE III 
PROGRESSIVE IMPROVEMENT OF READING IN CASE R.H.* 
Feb. 26-Mar. 4 Mar. 5-11 Mar. 12-18 Mar. 26 July 21-22 Dec. 8 
Capital letters 0-50 80 85 100 100 % 
Small letters — —_— 85 96 96 96 
Words (single) 17 80 — 92 99 . 
Words (connected) 40-80 85 97 —_ a - 
Numerals (arabic) 0-25 40 100 100 — 100 
Symbols 71 —_— 60 — 63 70 
Music 94 — site ‘cin aa 
Finding given letter 74 80 —_ — 100 





* The figures represent the percentage of correct responses. 


with the ends especially of polysyllabic words than with 
their beginnings (reading university for universal, know 
for known, perpetuate for perpetual, apprehend for 
apprehensive, etc.). The field defect cannot, of course, 
account for his difficulties with single letters and nu- 
merals. It appeared that certain letters e.g., F, S, and G, 
gave rise to especial difficulty when the remainder could 
already be correctly identified once again. Tracing the 
outline of letters with his finger did not help in their 
identification. On March 26 he was carefully questioned 
about his disability: “‘The words didn’t mean anything.— 
The shapes definitely seemed familiar. Given Greek and 
Latin letters mixed I would have known which were 
which.—The sounds belonging to the letters did not get 
confused. I got stuck on the visual side.—(Given a word 
he still could not read). The end of this word does not 
register, I do not get the meaning.—The sound has 
nothing to do with it.” 


Writing.—The patient was able to write most but not 
all capital letters to command, scoring 80% correct on 
March 4 and 96% on March 18. His copies of capitals 
were 90% correct on March 6 and 100% on March 9. 
Transcription from capitals into script was, however, 
more difficult (50% correct on March 9 and 100% on 
March 20). 

His ability to write single words to dictation was 
rather variable. Thus he achieved 60% correct on 
March 9 with one series, but only 10% correct on 
March 17 with another series (taken at the 10-year level 
from Burt’s oral spelling test). On July 21 and 
December 8 he was still making errors at the 12-year and 
subsequent levels on this test. He was unable to compose 
any one word without error on March 5 when asked to 
use solid capital letters. Single words were copied cor- 
rectly in 80% of attempts on March 20 but transcribed 
correctly from capitals into script in only 60% of attempts 
using the same materials on the same date. Very similar 
results were obtained with sentences when the patient 
was required to write to dictation, to copy, or to 
transcribe. Both copies and transcriptions were fault- 
less by July 21. In spontaneous writing 68% of words 
were correct on March 2 and 83% on March 13. 
Various samples of the patient’s writing are shown in 
Fig. 2. 

There was also a severe defect of oral spelling. Thus 
only 35% of words were correctly spelled on March 3 
and on March 19 the patient’s spelling age was only 
12 years by Burt’s standardization. This improved to 
13 to 14 years by July 21. 


As in reading, so the writing of arabic figures was 
at first severely impaired (none correct on March 4) but 
recovered rapidly (100% correct on March 18 and July 
21). Copies of arabic figures were correct in 60°, of 
attempts on March 6, in 90% on March 9, and 100°, on 
March 18. He claimed that he had never properly learnt 
how to write Roman numerals. 


Executive Functions.—There was no evidence of any 
kind of apraxic disorder (other than on constructional 
tests, which are to be considered separately). 


Perception.—The patient made no errors when tested 
on March 4 for right/left orientation and finger identifica- 
tion on his own person. He was equally proficient when 
tested in the same way on the examiner’s person, except 
when the examiner crossed his hands, sitting face to face 
opposite the patient: under these latter conditions of 
testing the patient was occasionally confused, especially 
as regards the laterality of the examiner’s crossed hands. 
On March 9 he was asked to identify various parts of the 
body by name (autotopgnosis) and made only one error 
(in saying knuckle for wrist). 
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Fic. 2.—Samples of writing by the patient R.H. 
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TABLE IV 
PROGRESSIVE IMPROVEMENT OF WRITING IN CASE R.H.* 























Feb. 26-Mar. 4 Mar. 5-11 Mar. 12-18 Mar. 19-25 July 21-22 Dec. 8 

Dictation 

Capital letters 80 — 96 ss es ia 

Words 81 60 10-90 _— _ a 

Numerals (arabic) 0 —_ 100 100 — — 
Copying 

Capital letters — 90-100 _— ~- — -— 

Words 25 69 —_ 80 100 — 

Numerals (arabic) 47 60-90 100 — 100 — 
Spontaneous 

Words (connected) 68 — 83 100 100 100 

* The figures represent the percentage of correct responses. 
TABLE V 
PROGRESSIVE IMPROVEMENT OF PERCEPTION IN CASE R.H.* 
February 26-March 4 March 5-11 March 12-18 July 21-22 

Sorting letters 98 96 — 100 
Sorting colours 100 100 100 —_— 
Naming colours 70 80 100 100 
Selecting given colour 80 90 90 100 
Counting beads 100 _— — _ 
Visual-spatial Poor Fair Fair _ 
Construction Poor Fair Good — 





*The figures represent the percentage of correct responses. 


Despite his disorder of reading the patient was able 
to sort letters almost perfectly. Fifty solid and variously 
coloured capital letters were scattered at random over a 
table. These letters lay rotated in all directions but never 
upside down and the patient was asked to arrange them 
into groups according to their shape or identity. He 
made only one error (98% correct) on March 2 and two 
errors (96% correct) on March 5. His mistakes consisted 
in creating too many groups. Thus both on March 2 and 
March 5 a green letter S was not placed in the same 
group as two orange letters S, and on March 5 an orange 
letter M was not grouped together with yellow and green 
letters M. 

His ability to identify colours was moderately im- 
paired. When asked to name the colour of various 
objects (wools, beads, solid letters, etc.) he was correct 
in 70° of attempts on February 28, in 80% on March 11, 
and in 100% on March 16 and July 21. His scores did 
not differ markedly when he was asked to select from a 
group an object of a given colour (80% correct on 
February 28, 90°, on March 11 and March 16, and 
100° on July 21). On December 8 he still mistook red 
for green. By contrast he made no mistakes either on 
February 27 or thereafter when he was asked to sort 
various kinds of objects according to their colour. He 
also passed Holmgreen’s colour matching test success- 
fully on March 3. He stated that his ability to visualize 
colours was unchanged. 


Visuo-spatial Perception and Construction.—The patient 
gave no evidence of unilateral spatial neglect (except 
initially when reading, as already described). Thus on 
February 28 he was able to count scattered beads without 
error and he bisected lines on March 2 with fair accuracy 
under various conditions of fixation. His drawings were 
poor on February 27, improved on March 4, and good 
5 


on March 16, with a tendency towards improved per- 
formance when he was asked to copy from a model rather 
than draw from memory. His performance on the paper- 
cutting test (Terman scale) was only fair on March 16 
(score of 1 where 2 is the maximum) and on the same date 
he repeatedly failed when required to indicate the part 
common to three overlapping figures (Abelson’s test). 
Similarly, he was unable to make a reasonable plan of 
his ward (on February 28) or to draw an adequate map 
of England (on March 12) or to score better than 70% 
correct on the cube-analysis test of the Terman scale 
(on March 20). When questioned about his home and 
about the route between well-known landmarks it became 
evident (on both February 28 and March 12) that his 
topographic memory was severely impaired. His per- 
formance on constructional tests such as block designs 
and match-stick designs improved from poor on 
March 2 to good on March 19, again with some added 
improvement when a model was made available. 


Summary of Case Report 


The ability of this patient to read was at first virtually 
lost, although his writing was less severely affected and 
his spoken speech only mildly disturbed. A _ right 
homonymous hemianopsia was the salient finding on 
neurological examination and the presence of an arterio- 
venous malformation in the left occipital region was 
demonstrated by means of left carotid angiography. 

After admission, it was possible to assess his per- 
formance on a wider range of tests. Additional dis- 
orders, for example in the identification of colours and in 
calculation, were demonstrated. The rapid improvement 
of his performance over a period of four weeks was fol- 
lowed in detail. He was again seen at nine months after 
the first onset, when the disturbance of reading, though 
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much improved, was still the most marked residual 
disability. 


Survey of Series of Cases 


Of the patients seen by the Department of 
Psychology 700 consecutive referrals were reviewed. 
The cases showing one or more disorders of language 
(dysphasia, dyslexia, or dysgraphia) were made the 
subject of further analysis. If the onset of illness 
was before 6 years of age, if there were left-handed 
tendencies, or if the language functions were not 
adequately tested, the case was excluded from this 
survey. A total of 35 cases with language disorders 
remained. The degree of impairment was graded 
from 0 to 4 plus, ranging in order from normal to 
slight, moderate, severe, or extreme impairment, 
separately for spoken speech, reading, and writing. 
For the purpose of this survey (concerned with the 
differential breakdown of spoken speech, reading, 
and writing) no attempt at localization of the 
pathology was made. 

Table VI lists the type and degree of deficit in the 








TABLE VI 
SURVEY OF TYPES AND DEGREE OF LANGUAGE 
DISABILITY 

Vag | Initials ~~ Dysphasia Dyslexia Dysgraphia 

1 A.H. 36459 0 0 

2 R.W. 9720 : + 

3 M.E. 7812 

4 CS. 11930 

5 at 1874 

6 W.wW. 37475 

7 W.F. 12672 

8 C.G. 5573 

9 H.H. 8545 - 

10 R.C. 6699 { 

11 mL. 12668 ++ 

12 A.H. 33581 ' 

13 J.H. 7529 + +4 

14 H.W. 3705 + + 

15 E.S. 5522 + 4 0 
16 P.B. 72438 ' + 4 
17 E.W. 37018 t + + 
18 J.S. 2890 } t 
19 A.L. 38223 t ' 
20 S.K. 4432 0 : 
21 M.G. 42437 | 0 
22 F2.. 548 0 0 
23 Y.H. 3332 0 0 
24 M.M. 13136 0 0 
25 M.P. 13234 0 0 
26 LR. 14005 0 0 
27 J.P. 42239 0 0 
28 M.T. 25487 0 0 
29 M.W. 43346 0 0 
30 P.B. 81353 0 0 
31 F.S. 1944 0 0 
32 C.H. 42385 0 0 
33 H.T. 49517 0 0 
34 S.P. 77531 + -+ 0 0 
35 W.C. 13721 ++ 0 0 





Dysphasia comprises disorders of spoken speech in its receptive, 
expressive, or nominal aspects. 

Dyslexia and dysgraphia indicate disorders of reading aloud and 
writing on paper. 


0 indicates normal. -+ indicates slight impairment. + + indicates 
moderate impairment. +++ indicates severe impairment. 
+++ + indicates extreme impairment. 
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35 patients. Dyslexia alone was not observed in this 
group, but there was one case of dysgraphia without 
associated disorder of language. Dysphasia was 
found as an isolated language disability in 14 cases, 

Two sub-modalities of language were affected in 
three cases. Dysphasia was associated with dyslexia 
in two of these and with dysgraphia in the third. All| 
three functions were impaired in 17 cases. 

When the degree of impairment was considered, 
dyslexia and dysgraphia, alone or together, were 
more severe than dysphasia in four cases. Of these, 
dysgraphia was more marked than dyslexia in two 
cases. In one case it was the sole disability, and in 
the fourth case the dysgraphia and dyslexia were of 
equal severity. The degree of impairment of spoken 
speech, reading, and writing was found to be equal 
in six cases. However, in 25 cases the dysphasia was 
more marked than the dyslexia or the dysgraphia. 
Of these, reading is more severely impaired than 
writing in five cases, whereas writing is more severely 
affected than reading in four. 

Of the most interest to us are the four cases in 
which reading and/or writing were more severely 
disturbed than spoken speech. 


Subsidiary Cases 


Case 1.—A.H. (N. H. 36459, under the care of Mr. H. 
Jackson and Dr. M. Critchley), a 56-year-old man, in 
whom the only significant finding was a Gerstman’s 
syndrome and constructional apraxia. Results of 
ventriculography indicated a left fronto-parietal ex- 
panding lesion. At necropsy 10 weeks after the ex- 
amination of language functions, a right bronchial 
carcinoma was found with multiple metastases in both 
cerebral hemispheres. 


Case 2.—R.W. (N.H. 9720, under the care of Dr. D. 
Williams), a man, aged 30 years, had no significant 
physical findings. An interesting observation was the 
absence of constructional apraxia. The E.E.G. ex- 
amination showed a mild abnormality, more pronounced 
on the left. Cerebral venous thrombosis was the 
presumed diagnosis. 


Case 3.—M.E. (N.H. 7812, under the care of Mr. W. 
McKissock), a 5l-year-old woman had, on physical 
examination, a visual acuity of 6/24 bilaterally. Other 
findings, all on the right side, included a lower facial 
weakness, increased tendon reflexes, an extensor plantar 
response, increased tone in the ankles, and cortical 
sensory loss. She was also dyspraxic. At operation a 
left intraventricular meningioma extending into the 
parieto-occipital area was removed. 


Case 4.—C.S. (N.H. 11930, under the care of Dr. P. 
Martin), a 62-year-old man, had marked dementia. No 
abnormal signs of diagnostic value were found on 
physical examination. His E.E.G. showed a widespread 
abnormality, greatest in the left posterior temporal 
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region. Gross bilateral cortical atrophy was revealed by 
air encephalography. 


Discussion 

It would appear to be established that reading or 
writing (or both together) may on oceasion be more 
severely disturbed as a result of brain damage than 
is spoken speech. Two questions immediately 
arise. First, is the dyslexia or dysgraphia in such 
cases merely secondary to another more basic 
disorder (such as defective vision) so that it cannot 
properly be classified as a defect of language? 
Secondly, can we draw any inferences concerning 
the organization of language from the finding of the 
occasional “independence” of dyslexia and dys- 
graphia from dysphasia ? 

In answer to the first question we would propose 
that reading and writing were disordered at the level 
of symbolic function in our main case (R.H.). 
Similarly, the disorders of reading and/or writing at 
least in the subsidiary cases 1-3 seem to us to reflect 
genuine symbolic disturbances. We are of course 
aware that in our case R.H. there were present in 
addition to the dyslexia or dysgraphia also associated 
disabilities involving vision (such as the hemianopsia 
and the defective identification of colours), some 
aspects of executive function (construction) and 
involving also but to a minor degree more general 
intellectual capacities (abstraction and memory). 
It is, however, our opinion that these associated 
disabilities are unlikely to have given rise to the 
dyslexia and dysgraphia. This view derives support 
from two lines of evidence. First, from the careful 
analysis of the pattern of psychological breakdown. 
Thus, to take only an example, the severe initial 


| defect in identifying single letters was associated 


with an impairment of oral spelling (which cannot 
be attributed to spatial or constructional disorders) 
but also with the preseveration of the ability to 
identify musical notation (which excludes a general 
defect of vision or oculomotor control). Secondly, 
in our experience a comparable or even more severe 
impairment of vision, executive functions, or of 
intellectual capacity has not been found to be 
invariably or even frequently associated with dyslexia 
or dysgraphia in other cases. We would therefore 
hold with Holmes (1950), Symonds (1953), and 
Brain (1955) that a disorder of reading, considered 
as a partial agnosia or symbolic loss, may on occa- 
sion be predominant over alterations of spoken 
speech, and similarly that a true dysgraphia may 
appear as more pronounced than the concomitant 
dysphasia (if any). We feel unable, however, to 
offer a more detailed explanation of the nature of 
the symbolic loss shown by our patient. 

Turning to the second question, concerning the 
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organization of the language functions, our in- 
ferences must remain more tentative. It is clear 
from our survey that spoken speech is more vulner- 
able than reading or writing. Thus 34 of the 700 
unselected cases (4:9°%%) had dysphasia against 
19 (2:7°%) with dyslexia and an equal number with 
dysgraphia. Our survey also indicates that dys- 
phasia, dyslexia, and dysgraphia are associated 
(disregarding varying grades of severity) in a large 
proportion of cases, namely in 17 of 35 cases with 
some disturbance of language, or in 48-6°%. These 
findings taken by themselves would suggest a 
hierarchical organization, such that reading and 
writing might be considered to lack their individual, 
anatomically independent, neural systems, and to 
suffer disorder as a consequence of a loss of spoken 
speech. Such a view cannot, however, incorporate 
the further evidence that dyslexia or dysgraphia (or 
both) may occasionally (in 0-6% of our 700 cases, or 
in 11-4% of the 35 cases of language disturbance) 
be more marked than dysphasia. An even higher 
incidence of predominant reading disability (13%) 
has been reported by Brown and Simonson (1957) in 
their series of 100 aphasic patients. It would 
therefore seem a reasonable, though not inevitable 
conclusion, that the neural systems, which, when 
interrupted give rise to dyslexia and dysgraphia, are 
despite their considerable overlap with the more 
extensive neural system concerned with spoken 
speech to some extent independent of it. 


Summary 

The relationship between the degree of impair- 
ment (if any) of reading, writing, and spoken speech 
has been examined in neurological cases. 

One case in which severe dyslexia and moderate 
dysgraphia were associated with only slight dysphasia 
is described. The improvement of this patient’s 
performance on language tests is followed in detail 
over a period of nine months. 

A survey of 700 unselected neurological cases 
indicates that in only one case out of 35 showing 
some language disorder was dyslexia or dysgraphia 
found as the sole disability. However, when the 
degree of impairment was considered, dyslexia and 
dysgraphia, alone or together, were more s2vere 
than dysphasia in four cases. 

The implications of such occasional “inde- 
pendence” of dyslexia and dysgraphia from 
dysphasia are briefly discussed. 

We are greatly indebted to Dr. E. A. Carmichael who 
brought the case of R.H. to our attention on the day of 
admission and permitted us to study and publish the 
case and has given us generous and valuable help in the 
preparation of this paper; to Dr. Macdonald Critchley, 
Mr. Harvey Jackson, Dr. Purdon Martin, Mr. Wylie 
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McKissock, and Dr. Denis Williams we are grateful for 
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ANGIOGRAPHIC FINDING OF AN ANEURYSM AND 
4\RTERIOVENOUS MALFORMATION IN THE POSTERIOR CRANIAL 
FOSSA IN A CASE OF SUBARACHNOID HAEMORRHAGE 


BY 


R. MYLES GIBSON and A. N. da ROCHA MELO 
From the Department of Surgical Neurology, the Royal Infirmary, Edinburgh 


Intracranial arteriovenous malformations are 
usually found in the cerebral hemispheres. They 
are not true tumours, but vascular malformations 
of congenital origin. Arteriovenous malformations 
in the posterior fossa are much less common than 
those involving the cerebral hemisphere, but such 
malformations in the posterior fossa are an occa- 
sional source of spontaneous intracranial haemor- 
thage. Their symptomatic and_ radiological 
diagnosis has been fully described by Logue and 
Monckton (1954). Saccular aneurysm on the 
arterial tree in the posterior fossa is also recognized 
as a cause of spontaneous intracranial bleeding and 
in recent years this has been fairly frequently 
reported (Spatz and Bull, 1957; DeSaussure, 
Hunter, and Robertson, 1958). Spatz and Bull 
(1957) have recorded a high incidence of positive 
findings on the vertebral basilar tree in cases of 
subarachnoid haemorrhage in which no lesion could 
be demonstrated on carotid angiography. In 16 of 
their 60 such cases (26°) vertebral angiography 








demonstrated a lesion capable of producing, and 
assumed to be responsible for, the spontaneous 
subarachnoid haemorrhage. Eight of the lesions 
were aneurysms, and the remaining eight arterio- 
venous malformations. Three of these 16 patients 
were cured by total excision of the lesion. Further, 
Logue (1958) described six cases of aneurysm on the 
vertebral basilar system successfully treated by 
operation. Poppen and Bassett are reported 
(DeSaussure ef al., 1958) as having successfully 
tackled three aneurysms on the posterior inferior 
cerebellar artery and one on the anterior inferior 
cerebellar artery. The increasing awareness of the 
possibility of successful surgical attack on these 
lesions located in the posterior fossa causing spon- 
taneous subarachnoid haemorrhage has stimulated 
an increasing use of vertebral angiography in cases 
of subarachnoid haemorrhage with negative carotid 
angiography. In the course of investigating such a 
case in the Department of Surgical Neurology in the 


Royal Infirmary of Edinburgh, angiography demon- 
strated both an arteriovenous malformation and 
an aneurysm on the vertebral basilar tree. The 
association of these anomalies in the supratentorial 
region is recognized (Paterson and McKissock, 
1956; Potter, 1955). 

In Paterson and McKissock’s large series of 
110 cases of intracranial vascular malformation, 
four patients were thought to have a true intracranial 
aneurysm in addition to an arteriovenous mal- 
formation. In only one of these was this combined 
pathology in the posterior fossa and the diagnosis 
was a post-mortem one. The patient died from the 
ruptured aneurysm which was found at necropsy to 
be situated on the right posterior inferior cerebellar 
artery with the angioma in this case lying in the left 
cerebellar hemisphere. The interest and rarity of 
the angiographic finding in the case to be described 
was thought to merit its recording. 


Case Report 


Mr. J. R., a 51-year-old chemical plumber, was ad- 
mitted to the Royal Infirmary of Edinburgh on 
September 20, 1956. He had previously enjoyed good 
health and gave no history of previous illness or 
syndromes suggestive of intracranial bleeding. 

Following a game of golf, 24 hours before admission, 
he bent down to undo his shoes, was seized with severe 
bifrontal headache, felt nauseated and vomited. He was 
never unconscious. The headache persisted. 

On admission to hospital he was found to be alert and 
cooperative, complaining of bifrontal headache. He 
was orientated. The pupils were normal in size and ligh 
reaction. There was mild stiffness of the neck and a 
positive Kernig sign. Subarachnoid haemorrhage was 
confirmed by lumbar puncture. The blood pressure was 
170/110 mm./Hg. No bruit could be heard on listening 
to the skull but interestingly enough marked pulsation 
could be felt over the region of the left mastoid process. 
This is noteworthy since in such cases, as Potter (1955) 
remarked, “increased extracranial vascularity is an 
uncommon feature and is quite unreliable as a diagnostic 
aid in view of its rarity”’. 
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Fic. 1.—Anterio-posterior view of vertebral angiogram showing 
good filling of the basilar arterial tree. The left superior cerebellar 
and the left anterior inferior cerebellar branches are enlarged 
and both take part in the supply of the arteriovenous anomaly 
situated in the left cerebello-pontine angle. 





Fic. 2.—The lateral view of the vertebral angiogram shows clearly 
the aneurysm, close to the terminal bifurcation of the basilar 
artery. The sac projects upwards and forwards from the distal 
aspect of the origin of the enlarged left superior cerebellar artery 
from the basilar trunk. The proximal part of the sac lies in front 
of the origin of the posterior cerebral artery. 


A day later he was found to be slightly drowsy and to 
be mildly confused. His period in hospital coincided 
with the Edinburgh Festival. He was being examined on 
a thundery afternoon and on being asked where he was 
he answered, after a peal of thunder, “Ah! at the 
Tattoo!” 
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Stereo films of the skull were obtained and an E.E.G 
performed. No abnormalities were shown. 

Four days after his episode of haemorrhage he was 

submitted to carotid angiography, but no pathological 
findings could be demonstrated. A good cross circulation 
was shown. 
Vertebral angiography was carried out three days 
later. The right vertebral artery was punctured by the 
Maslowski method (Maslowski, 1955) and satisfactory 
filling of the right vertebral artery and the basilar artery 
and its intracranial branches was obtained. The basilar 
artery was somewhat larger than usual and its left superior 
cerebellar branch and the left anterior inferior cerebellar 
artery dilated. These two vessels were seen to take part 
in the supply of a moderate sized arteriovenous anomaly 
situated in the region of the cerebello-pontine angle. 
The venous drainage was relatively complicated and 
extended upwards to the straight sinus and Ifaterally to 
the lateral sinus. Other dilated veins were seen in the 
suboccipital region, presumably representing some 
drainage through the mastoid emissary veins. In addi- 
tion there was a moderate sized saccular aneurysm close 
to the terminal bifurcation of the basilar artery. The sac 
projected upwards and forwards from the distal aspect of 
the origin of the enlarged left superior cerebellar artery 
from the basilar trunk, and the proximal part lay in front 
of the origin of the posterior cerebral artery. 

No surgical treatment was undertaken and the patient 
was slowly and progressively mobilized and rehabilitated. 
When seen as an out-patient three months after the 
subarachnoid haemorrhage, he was well and had already 
returned to work. He suffered an occasional headache 
if he unduly exerted himself or tried to do too much work. 
Physical examination revealed no abnormality apart from 
the moderately increased pulsation in the left mastoid 
region noted at the time of his original admission. 
However, 20 months after this first episode he was 
admitted to hospital in deep coma with a recurrent 
subarachnoid haemorrhage from which he died. 


Summary 

A case of spontaneous subarachnoid haemorrhage 
in a man aged S51 is described. Investigation by 
carotid and vertebral angiography revealed an 
arteriovenous malformation and a saccular aneurysm 
in the posterior fossa. The rarity of this condition 
is commented upon. The dangerous nature of such 
anomalies is illustrated by the fact that this patient 
died from a recurrent haemorrhage 20 months after 
his first attack. 


We wish to thank Professor Norman N. Dott and 
Mr. F. John Gillingham for permission to record this 
case. 
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A CASE OF DERMAL SINUS OF THE NOSE WITH 
FRONTAL SUPPURATION 


BY 


J. G. HAMILTON 


From the Guy’s-Maudsley Neurosurgical Unit, London 


Congenital dermoid cysts and dermal sinuses of 
the nose are rare, but because of their interest over 
80 cases have been reported (Ryan, 1948). Most 
of these are in journals concerned with plastic or 
oto-laryngological surgery, and never appear to 
have come within the province of the neurosurgeon. 
A few, however, presented with features which led 
to such diagnoses as osteomyelitis of the frontal 
bone, cerebrospinal fluid fistula, or meningocele. 
The case to be reported here may therefore be of 
interest to neurosurgeons. 

The earliest account of the condition is that of 
W. Lawrence in the London Medical Gazette of 1837. 
Under the title “A Clinical Lecture” he described 
the common dermoid cysts at the outer canthus of 
the eye and also both a cyst and a dermal sinus 
on the nose. These were successfully removed. 
Several brief reports of cases have appeared in the 
present century, including one (Furniss, 1938) of 
dermoid cysts on the noses of identical twin boys. 
Larger series were described by New and Erich 
(1937) and Holmes (1942). A series of 14 cases. 
with a full review of the literature, was reported by 
Crawford and Webster in 1952. 

In most cases the lesion is confined to the nose, 
although a track may extend in a complex manner 
into the nasal septum. Cases involving the frontal 
bones are rarer. Holmes (1942) and Davis and 
Berner (1948) reported cases in which the upper part 
of the track led to a depression in the frontal bone, 
and Benjamins (1936) and Ryan (1948) illustrate 
cases in which there was an actual defect in the 
frontal bone with the track reaching the dura. 

Luongo (1933) and Brunner and Donnelly (1947) 
have given clear accounts of the formation of the 
nose, and have suggested a mechanism for the 
production of these lesions. The primitive carti- 
laginous nasal capsule is covered externally by a 
downward extension of connective tissue derived 
from the dura mater. Superficial to this again is 
the skin. The nasal bones develop by intramem- 
branous ossification in a layer of loose tissue under 
the skin, and as they grow from each side towards 


the midline they separate the skin from the connec- 
tive tissue covering the nasal capsule. Failure of 
this separation or sequestration of a portion of this 
ectoderm will result in the formation of a dermal 
sinus or cyst which will in part extend deep to the 
nasal bones. If the lesion is at the upper part of the 
nasal capsule the track may reach the dura where it 
gives off its extension to the nasal capsule. 





Fic. 1.—Appearance of the patient, showing the orifice of 
the sinus on his nose and the point where pus was 
aspirated on his forehead. 





ieee 


Fic, 2.—Radiograph of skull showing the defect in the frcntal bone. 
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Fic. 3.—(a) Diagram of lesion. 


Case Report 

R.A., a boy aged 10 months, had been noticed since 
birth to have a tiny pimple in the centre of the dorsum 
of his nose. Six weeks before admission a lump about 
the size of a pea developed above this at the nasion, and 
a few drops of clear fluid issued from the “pimple”’. 
During the next two weeks the lump enlarged and 
became inflamed. After a further week pus containing 


(a) 
Fic. 4.—({a) Photomicrograph of track showing epithelial lining x 72. 
of the upper part of the track x 370. 
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Incision 


(6) Showing line of incision. 


Staphylococcus aureus was aspirated from a fluctuant 
swelling over the forehead. The boy was treated with 
tetracycline, and the inflammatory signs subsided leaving 
some residual swelling. 

On admission the child was normal for his age apart 
from the local lesion (Fig. 1). This showed as a punctum 
on the dorsum of the nose, with a soft swelling 2:5 cm. in 
diameter over the nasion and forehead. No fluid could 





(6) showing inflammatory and foreign body giant cells in the wall 
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DERMAL SINUS OF THE NOSE 


be expressed from the sinus, and no hairs were seen at 
its orifice. Radiographs of the skull showed a small 
defect between the nasal bones and at the lower end of 
the metopic suture (Fig. 2). 

Under general anaesthesia a T-shaped skin incision was 
made across the eyebrows and down the nose, including 
the punctum. The sinus track was found to contain 
several dark hairs, and to extend up to the bony defect, 
where it ended in contact with intact dura. Above this 
the main bulk of the swelling consisted of a mass of 
granulation tissue (Fig. 3). The whole was excised, and 
the wound healed with a fine scar which will be largely 
concealed by the eyebrows. 

Dr. C. Triep reported that sections showed a sinus 
track, lined by squamous epithelium with surrounding 
granulation tissue. Foreign body giant cells, related to 
hair fragments, were found (Figs. 4a and b). 


Discussion 

Neurosurgeons are aware of the occurrence of 
dermal sinuses in the spinal and posterior fossa 
regions (Logue and Till, 1952; Ingraham and 
Matson, 1954), and these lesions may extend into 
the neural tissues, being due to defective closure of 
the neural tube. The nasal dermoids never have 
such extensions, being formed in a different way 
at a later stage of embryonic development. 

The condition is usually visible at birth or becomes 
evident in early childhood as a cyst at some point 
along the nose, or as the orifice of a dermal sinus 
with or without projecting hairs. In the latter 
instance, attacks of inflammation tend to occur with 
pus discharging from the orifice or the formation 
of an abscess in the upper part of the track. Such 


abscesses can cause difficulties in diagnosis if the 


underlying lesion is not recognized. Radiographs, 
however, usually reveal a gap between the nasal 
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bones in the midline, or, less commonly, in the 
frontal bone. 

The surgical treatment of these lesions is, when- 
ever possible, complete excision. In some cases the 
complexity of intranasal extensions compels the 
surgeon to be content to remove the superficial part 
of the track and to open the deep ramifications 
freely into the nasal cavity. In the cases where 
there is a bony defect in the frontal region, no fears 
of an intradural extension need be entertained, and 
such sinuses are usually quite superficial and easily 
removed. 


Summary 


A case of dermal sinus of the nose in which the 
track reached the dura is described. The lesion was 
successfully removed. 


I wish to thank Mr. Murray A. Falconer, whose 
patient this was, for permission to describe the case. 
Thanks are also due to Mr. L. T. Cotton who referred the 
patient, to Dr. R. D. Hoare for the radiograph, and to 
the Department of Pathology, Maudsley Hospital, and 
the Department of Medical Illustration, Guy’s Hospital, 
for the illustrations. 
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THE PROGNOSTIC SIGNIFICANCE OF DEPERSONALIZATION 
IN DEPRESSIVE ILLNESSES TREATED WITH 
ELECTROCONVULSIVE THERAPY 


BY 


BRIAN ACKNER and Q. A. F. R. GRANT* 


From Bethlem Royal Hospital and the Maudsley Hospital, London 


STATISTICAL APPENDIX 


BY 


A. E. MAXWELL 


From the Institute of Psychiatry, London 


Earlier Views 


Before the introduction of electroconvulsive 
therapy it was a generally accepted view that a 
depressive illness which was accompanied by 
symptoms of depersonalization was likely to run a 
long course. In recent years, however, opinions on 
the prognostic significance of depersonalization in 
depressive illness have been more divided. 

Mayer-Gross, Slater, and Roth (1954) stated that 
the presence of depersonalization indicated a more 
prolonged illness, and Lewis (1956) continued to 
take this view which he had expressed much earlier 
(Lewis, 1936). Ackner (1954) found that, in contrast 
to other depersonalization syndromes, the depressive 
depersonalization syndrome often responded favour- 
ably to electroconvulsive therapy (E.C.T.). Sargant 
and Slater (1954) expressed the opinion that 
although the depression may be cleared up by 
E.C.T., the depersonalization often remains. More 
recently, Roth (1959) has claimed that in the 
presence of depersonalization E.C.T. is contra- 
indicated in a depressive illness. 


Nature of the Present Investigation 


No study appears to have been reported so far in 
which the outcome of treatment with E.C.T. in 
depressives with depersonalization has been com- 
pared with the outcome in a similarly treated 
matched control group of depressives free from 
depersonalization symptoms. The present study 
reports the results of such an investigation. 





*Director, Child Psychiatric Unit, Jewish Hospital, St. Louis, 
Missouri, U.S.A. 
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The patients in this study had all been in-patients 
at the Maudsley Hospital. During a seven-year 
period 50 patients suffering from depression ac- 
companied by depersonalization were found to 
have been treated by E.C.T. (It is probable that 
more such cases were so treated during this period 
and were not found, but their omission can be con- 
sidered to be random in nature.) 

Of the 50 patients, 23 were considered to be 
suffering from a clear-cut endogenous type of illness 
as judged by the usual criteria, e.g., retardation or 
severe agitation, diurnal variation, severe weight 
loss, early morning waking, delusions of self- 
reproach and unworthiness, auditory hallucinations 
with a depressive content, absence of significant 
external stresses, etc. Nineteen cases were con- 
sidered to present a mixed picture of endogenous 
and reactive features, sometimes associated with 
obsessive, hysterical, or anxiety symptoms. Of the 
remaining eight patients, two were considered to be 
of an endogenous type but as all had certain features 
which made it difficult to find a suitable matching 
control case, they were kept as a separate atypical 
group. 


Method of Matching for Control Cases 


Each patient in the endogenous and mixed group was 
separately matched with a suitable control case which 
had been treated by E.C.T. for a depressive illness not 
accompanied by depersonalization symptoms. In con- 
sidering the suitability of a control case for matching, 
the following features were taken into account. 


Type of Depressive Illness.—If matching with a patient 
from the endogenous group, the control case must have 
had similar presenting features. A case with prominent 
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retardation would be matched with another retarded 
control case and similarly for agitation, paranoid ideas, 
delusions of guilt, hypochondriasis, etc. If matching 
with a patient from the mixed group, the control case 
must have had corresponding features where these were 
prominent, ¢.g., anxiety, obsessional, hysterical, reactive 
factors, etc. 


Sex.—Each case was matched with a control of the 
corresponding sex. 


Age.—Each case was matched with a control whose 
age was in the same one of five groups: 20-30, 30-40, 
40-50, 50-60, 60-70. 


Duration of Symptoms.—Each case was matched with a 
control in whom the duration of symptoms before treat- 
ment was in the same one of five groups: 0-1 month, 
1-6 months, 6-12 months, 1-2 years, over 2 years. 


Admission Epoch.—In finding a suitable matching 
control an attempt was made to ensure as far as possible 
that each pair had been admitted within 18 months of 
each other. This was achieved in the majority of cases 
and in only two cases was the admission interval greater 
than three years. 


Personality.—Cases were matched for prominent per- 
sonality features such as obsessional, hysterical, immature 
or dependent, shy or withdrawn, over-sensitive or 
paranoid, aggressive, etc. 


Previous Depressive Attacks.— Within the limits of the 
number of cases available it was not possible to match 
each case with another control case with an exactly 
similar history of previous depressive attacks. However, 
the history of previous depressions in both groups as a 
whole were essentially comparable. 


TABLE I 
NUMBER OF PREVIOUS DEPRESSIVE ILLNESSES 





Endogenous Group | 


Mixed Group 





Previous Depressive 


Illness Deper- 


sonalized 
(23 Cases) 


Deper- 

Controls | : Controls 
| sonalized 

(23 Cases) | (19 Cases) (19 Cases) 





10 

10 5 

3 3 

Three or more 1 1 





Of the 23 endogenous cases in each of the deper- 
sonalized and control groups, 22 were female and one 
male. The mean age of the endogenous depersonalized 
group was 41-2 years (S.D. 12:2) and that of the endo- 
genous control group 41-8 years (S.D. 13-9). Of the 
19 mixed cases in each of the depersonalized and control 
groups, 17 were female and two male. The mean age of 
the mixed depersonalized group was 34-8 years (S.D. 9-4) 
and that of the mixed control group 35 years (S.D. 10-0). 
Of the eight atypical depersonalized cases, five were 
female and three male, the mean age being 29-1 (S.D. 5-9). 


Response of Depressive Symptoms to E.C.T. 


The outcome of treatment in each case was assessed 
according to the following criteria. 


(a) Clinical response to course of E.C.T. rated as 
recovered, much improved, somewhat improved, no 
change, or worse; (6) number of E.C.T. given; (c) further 
course of E.C.T. if required; (d) weeks spent in hospital 
after completion of E.C.T.; (e) condition on discharge; 
(f) relapse within three months of completion of first 
course of E.C.T. 


Results 


Depressive Symptoms.—The response of the de- 
pressive symptoms to E.C.T. is presented in Tables 
II and III, and the results of the statistical analysis 
of the detailed figures are presented in the Appendix. 
It will be seen that both for the endogenous and the 
mixed groups there is no significant difference be- 
tween the depersonalized and the control cases in 
the immediate response to E.C.T., in the number of 
cases requiring a further course of E.C.T., or in the 
condition on discharge from hospital. There is also 
no significant difference in the average number of 
electroconvulsive treatments required to reach the 
same degree of clinical improvement in the deper- 
sonalized and control cases both in the endogenous 
and in the mixed groups. This is shown most clearly 
when those pairs in which both cases were recovered 
or were much improved were examined for the num- 
ber of E.C.T. required (see Appendix). This method 
also reveals no significant difference between the 
depersonalized and control cases in both groups for 
the duration of stay in hospital after completion of 
E.C.T. in those cases which, after E.C.T., were 
recovered or much improved (see Appendix). 

The figures (mean values in Table II) for duration 
of stay in hospital after completion of the first 
course of E.C.T. require more detailed considera- 
tion. In both the depersonalized and control cases 
of the endogenous group those patients who were 
much improved stayed after treatment an average 
of 16:3 and 13-3 weeks respectively. These are 
surprisingly high figures but they appear to be 
accounted for by three depersonalized and three 
control patients all of whom relapsed, required 
further E.C.T., and stayed respectively an average 
of 28-3 and 30-3 weeks after the completion of the 
first course of E.C.T. In those patients who were 
only somewhat improved or unchanged after E.C.T. 
the duration of stay in hospital appears to be higher 
in the depersonalized cases in both the endogenous 
and mixed groups. Although these figures are 
partly accounted for by a few very long-stay patients 
in both groups (e.g., one depersonalized patient of 
the endogenous group stayed 52 weeks and one 
depersonalized patient of the mixed group stayed 
41 weeks) there is a suggestion that depersonalization 
may prolong the stay in those patients who do 
not recover with E.C.T. This possibility will be 
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TABLE II 
RESPONSE OF DEPRESSIVE SYMPTOMS TO E.C.T. 

















Endogenous Group Mixed Group 
Depersonalized Controls | Depersonalized Controls 
(23 Cases) (23 Cases) (19 Cases) (19 Cases) 
Response to First Course of E.C.T. +e 
Number of cases recovered 9 7 5 4 
Average number of E.C.T. 8 6°7 10-2 6:5 
Average weeks in hospital after first course of E.C.T. 2°8 3-1 4-2 2:8 
Number of cases much improved 7 12 7 air “er is 
Average number of E.C.T. 8 7-4 76 68 
Average weeks in hospital after first course of E.C.T. 16:3 13-3 6 7 
Number of cases somewhat improved or no change 7 4 ify 7 9 * 
Average number of E.C.T. 76 6°5 9-3 6:1 
Average weeks in hospital after first course of E.C.T. 18-3 7:3 13-1 9-4 





Number of Cases Requiring Further Course of E.C.T. 
One more course 
Two more courses 








oo 
—) 





Condition on Discharge Compared with Post-E.C.T. State 





Remaining recovered or much improved 14 15 11 i) 
Remaining somewhat improved or unchanged 2 1 6 5 
Better than post-E.C.T. condition on discharge 5 3 1 4 
Worse than post-E.C.T. condition on discharge 2 4 1 1 
Final Condition on Discharge 
Recovered 15 11 5 6 
Much improved 4 7 7 7 
Somewhat improved or unchanged 4 5 7 6 





considered in more detail in the following section. 

The number of those patients who had recovered 
or improved with E.C.T. but whose symptoms 
relapsed within three months of the first treatment 
is shown in Table III. (Some of the cases were 


TABLE III 


RELAPSE OF DEPRESSIVE SYMPTOMS WITHIN THREE 
MONTHS OF FIRST TREATMENT IN CASES RECOVERED 
OR IMPROVED WITH E.C.T. 











Endogenous Group Mixed Group 
Depersonalized | Controls Depersonalized Controls 
(16 Cases) | (19 Cases) (12 Cases) (10 Cases) 
6 7 5 | 2 





given further E.C.T.) The numbers are too small 
for statistical treatment but reveal little difference 
between the depersonalized and control cases either 
in the endogenous or mixed groups. 


Depersonalization Symptoms.—Of the eight un- 
matched depersonalized cases two were endogenous 
and six were mixed in type. These, added to the 
other depersonalization cases, made a total of 
25 patients in each of the endogenous and mixed 
depersonalization groups. In Table IV it will be 
seen that in the endogenous compared with the 
mixed group a significantly greater number of 
patients have lost their depersonalization symptoms 
both after a course of E.C.T. and at the time of 
discharge from hospital. Seventy-six per cent. of 
the endogenous group lost their symptoms after 


TABLE IV 
RESPONSE OF DEPERSONALIZATION SYMPTOMS 
TO E.C.T. 











Endogenous Group Mixed Group 
(25 Cases) (25 Cases) 
After | After | 
First | At First | At 
Course | Discharge Course | Discharge 
of ECT. | of E.C.T. | 
Recovered 19 21 10 10. 
Much improved 1 1 0 3 
Somewhat improved 0 1 5 6 
No change 5 2 9 6 
Worse 0 0 1 0 





E.C.T. compared with 40% in the mixed group. 

In Table V it will be seen that there was a larger 
number of cases in the mixed group in which, com- 
pared with the depressive symptoms, the de- 
personalization symptoms responded poorly. Table 
VI reveals that there was a somewhat larger number 
of cases in the endogenous group in which after 
E.C.T. the depersonalization symptoms had dis- 
appeared and some depressive symptoms. still 
remained. 


TABLE V 


NO. OF CASES IN WHICH AFTER E.C.T. THE 
DEPRESSION RECOVERED OR WAS MUCH IMPROVED 
AND DEPERSONALIZATION LITTLE IMPROVED, 
UNCHANGED, OR WORSE 








Endogenous Group Mixed Group 
(25 Cases) (25 Cases) 
After E.C.T. | 2 10 
On discharge 2 | 8 




























TABLE VI 


NO. OF CASES IN WHICH AFTER E.C.T 
DEPERSONALIZATION SYMPTOMS DISAPPEARED AND 
SOME DEPRESSIVE SYMPTOMS REMAINED 








Endogenous Group Mixed Group 
(25 Cases) | (25 Cases) 
“after E.C.T. 9 | 3 


On discharge 5 3 








The relationship of the continued presence of 
depersonalization symptoms after E.C.T. to the 
duration of stay in hospital merits further con- 
sideration. From Table IV it will be seen that there 
were five patients in the endogenous depersonaliza- 
tion group in whom the depersonalization symptoms 
were unimproved after E.C.T. (though only one 
patient in whom the depression was unimproved). 
No cases in this group were “‘somewhat improved”’. 
These five patients stayed in hospital an average of 
23:8 weeks after completion of the first course of 
E.C.T. (11, 18, 19, 19, and 52 weeks). In the 
endogenous control group there was one patient in 
whom the depression was unimproved after E.C.T. 
and this patient stayed only eight weeks after com- 
pletion of E.C.T. There were three further patients 
in the endogenous control group in whom the de- 
pression was only somewhat improved by E.C.T. 
and they subsequently remained an average of seven 
weeks in hospital. From Table V it will also be seen 
that there were 10 patients in the mixed deper- 
sonalization group in whom the depersonalization 
was unimproved or worse after E.C.T. These 
10 patients stayed an average of 13-5 weeks in 
hospital after completion of the first course of 
E.C.T. (one, four, five, five, 10, 12, 13, 22, 22, and 
41 weeks). In the mixed control group there were 
three patients who were unimproved or worse after 
E.C.T. and these stayed an average of 12 weeks after 
completion of E.C.T. (six, 14, and 16 weeks). Taking 
all the patients who were somewhat improved, un- 
improved, or worse as regards the depersonalization 
in the mixed group, there were 15 staying an average 
of 10 weeks after E.C.T. In the mixed control 
group there were nine patients in whom the de- 
pression was somewhat improved, unimproved, or 
worse after E.C.T., and these stayed an average of 
9:5 weeks after E.C.T. These numbers are small 
but they suggest that, compared with the non- 
depersonalized depressive who is unimproved by 
E.C.T., the continued presence of depersonalization 
symptoms after E.C.T. betokens a longer stay in 
hospital in the endogenous, but not in the mixed 
type of case. 

Discussion 

it has been suggested by a number of previous 

authors that the presence of depersonalization in a 
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depressive illness indicates a more prolonged course 
and that E.C.T. may benefit the depersonalization 
little or may make it worse. 

Our results show that as regards depressive 
symptoms, depersonalized depressives treated with 
E.C.T. recovered or improved to the same extent, 
needed the same amount of E.C.T., and stayed as 
long in hospital as did carefully matched controls 
similarly treated. Depersonalization symptoms 
responded favourably to E.C.T. in those depressives 
whose clinical picture was clearly endogenous in 
type. On the other hand the response of the de- 
personalization to E.C.T. was much less favourable 
in those depressives in whom neurotic symptoms or 
reactive features were part of the clinical picture. 
In such cases the depersonalization was often un- 
changed and in one case was made temporarily 
worse. Furthermore, there is a suggestion that in 
those endogenous cases in which depersonalization 
symptoms do not clear up with E.C.T., the stay in 
hospital may be prolonged. 

Ackner (1954) pointed out the importance of 
distinguishing those depressed patients whose 
depersonalization was on the basis of depressive loss 
of affect from those depressed patients in whom the 
depersonalization arose from hysterical, tension, or 
other factors, claiming that E.C.T. benefited the 
former but often not the latter. The present more 
detailed and controlled study confirms these views. 


Summary 


Depressed patients suffering from depersonaliza- 
tion who had been treated with E.C.T. were matched 
with depressed patients not suffering from deper- 
sonalization who had also been treated with 
E.C.T. Each case was separately matched for type 
of illness, sex, age, duration of symptoms, ad- 
mission epoch, and personality. No significant 
differences between the groups were found as regards 
the response of the depressive symptoms to E.C.T., 
the number of courses of E.C.T. required, the 
duration of stay in hospital, or the relapse rate. 
In those depressions which were of a clear-cut, 
endogenous type the depersonalization usually 
cleared up with E.C.T. but in other types of 
depression the response was often less favourable. 
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STATISTICAL APPENDIX 


When comparing the frequencies of depersonalized 
and control patients given in Table II, straightforward x? 
tests are not appropriate since the patients in the two 
categories, having been matched, are not independent. 
As a result resort was had to a method devised by 
Stuart (1957) for comparing frequencies in matched 
samples. To apply this method the data for both the 
endogenous and the mixed groups were arranged in four- 
fold tables. In the case of the endogenous group, if the 
numbers of patients who “‘recovered”’ are compared with 
the remainder, the fourfold table is: 





Recovered | Remainder Total 





Depersonalized patients 


9 (a) 14 (b) 23 
Controls 


7 (c) 16 (d) 23 
Total 16 30 46 








‘If the numbers of patients “‘recovered” or “much im- 


proved” are compared with the remainder the fourfold 
table is: 





Recovered } 
or Much |§ Remainder 
Improved 


Total 





Depersonalized patients 


16 (a) 
Controls 


19 (c) 


7 (b) 23 
4 (d) 23 





Total 35 11 46 





The number (S) of matched pairs in which both patients 
recovered is now ascertained. For the first fourfold 


table S was found to be 2; for the second S was found to 
be 14. Stuart’s test then requires us to calculate the 
statistic Y given by the expression: 

la —c| — 0-5 

V s+2-S 

and to refer the result to the normal distribution. 


Y= 


The 


values of Y given by this formula for the respective four. 
fold tables are 0-434 and 0-884 which are well below the 
value of 1-96 required for significance at the 5°, level, 
so we may safely conclude that for the endogenous group 
the frequencies given in the fourfold tables for de- 
personalized patients and for controls do not differ, 

The frequencies in Table II for the mixed group were 
compared in a similar manner and again no significant 
differences between depersonalized patients and controls 
were found. 

The average number of electroconvulsive treatments 
administered to the 14 pairs of patients in the endogenous 
group who recovered or were much improved after the 
first course of treatmeat were compared by a t test for 
correlated means. The value of t was found to be 1-24 
which, with 13 degrees of freedom, does not reach an 
accepted levei of significance. We conclude that there is 
no significant difference in the average number electro- 
convulsive treatments required to reach the same degree 
of clinical improvement in the depersonalized and control 
patients. 

In the case of the mixed group eight pairs of matched 
patients recovered or were much improved after the first 
course of E.C.T. The average numbers of electrocon- 
vulsive treatments for depersonalized and control patients 
were again compared by a t test. The value of t was 
found to be 2:27 which is below the 5% significance 
level. 

The average number of weeks in hospital for the 
14 matched pairs in the endogenous group and the 
eight matched pairs in the mixed group, who were 
recovered or much improved after the first course of 
treatment, were also compared by t tests for correlated 
means but no significant differences were found. 

For the other comparisons mentioned in the text the 
results are either obvious or the sample sizes are too small 
to merit treatment by statistical methods. 
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The purpose of this paper is to present, in some 
detail, the case history of a patient who developed 
transvestism in association with cerebral cysticer- 
cosis. This association does not appear to have been 
reported previously and, as this man’s sexual 
development was normal until the onset of the 
transvestism, we believe that this case history 
presents many unique features. The presence of a 
number of different temporal lobe aurae and the 
association of these with a desire to transvest sug- 
gests that, while widespread cerebral lesions are 
presumably present, the temporal lobe foci are 
particularly concerned in producing the trans- 
vestism. In addition, brief case histories of four 
other patients in whom the association of temporal 
lobe lesions and abnormalities of sexual behaviour 
have occurred are presented. 


Case Report 

A 36-year-old professional man was referred for 
psychiatric treatment because of transvestism of some 
three years’ standing. Cysticercosis was diagnosed in 1952, 
though its manifestations had been present since 1947. 

The paternal family history is that of an enterprising, 
well-adapted family. The patient’s father was 63 when 
he died of chronic bronchitis in 1957. He had taught his 
son skill in games and the patient looked to him as an 
example when growing up. His maternal grandmother 
died in a mental hospital and the diagnosis is said to 
have been “senile psychosis”. His mother died of 
“presenile dementia” at the same hospital in 1959, while 
the patient was under observation. She was 64 and had 
been in hospital since 1954. The symptoms of her 
dvementing illness began in 1946, before which she had 
been a reserved but charming and intelligent woman, 
whom the patient had admired and loved. He had only 
one sibling, a boy two years his senior, who died at 
the age of 4 when both he and the patient had pneumonia. 

The patient was born at home after a normal delivery. 
Development was nermal and he had shown no neurotic 
traits during childhood. He did well at a village school 
and later, at a grammar school, where he stayed until 
the age of 17. During these years he became very interested 
in cricket, and this has remained his hobby up to the 
onset of the present iilness. 


A CASE OF CYSTICERCOSIS, TEMPORAL LOBE 
EPILEPSY, AND TRANSVESTISM 
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He had masturbated in adolescence, but without 
severe guilt feelings. His sexual interests were hetero- 

sexual and no evidence of homosexual, fetichistic, or 

transvestist ideas can be obtained. At the age of 12 he 

had had to take the part of a king in a nativity play, 

which involved wearing long, flowing robes. This is the 

only incident of anything approaching altered clothing 

that could be obtained. He says, in retrospect, that he 

felt ‘“‘terribly silly’ on the stage. 

At the age of 17 he became a bank clerk and remained 
at the bank until he joined the Army in 1942 at the age 
of 19. In January, 1943, he was sent to India and soon 
after his arrival there developed a chronic mild diarrhoea, 
which persisted until his return to Europe at the end 
of the war. In June, 1943, he had an attack of infective 
hepatitis associated with a single major convulsion at 
the height of the fever. He then served in Burma, 
where he saw front-line service until his demobilization 
in 1946. 

On his return to the bank in 1946, he met his future 
wife and they were engaged for three years before they 
were married. 

In June, 1947, he had a nocturnal grand-mal seizure 
and a further one while out walking the next day. Of 
the latter, his memory is quite clear. He knew that some- 
thing was about to happen and tried to tell his wife. She 
recollects that his mouth was working as though he 
wanted to speak and that then he fell down in a general- 
ized convulsion. After the fit he was weak for some 
hours. A month later he had five or six major seizures 
within 48 hours. Before the first, he was sitting down to 
tea, felt the epileptic premonition, and moved to an 
armchair. He then saw the vision of a polar bear pass 
slowly from right to left about three yards ahead of 
him. It was not coloured and there were no emotional 
accompaniments. The remaining fits of this series were 
separated by long and deep sleep, and finally he was 
sent as an emergency admission to the local hospital. 
Full investigations, including lumbar puncture and a 
skull radiograph, showed no abnormality and a diagnosis 
of idiopathic epilepsy was made and anticonvulsant drugs 
prescribed. 

Two other epileptic manifestations date from this 
period. First, episodes of paraesthesiae localized to the 
territory of the left maxillary nerve, and lasting five to 
15 minutes; this always led him to expect an attack 
which was not always forthcoming. Secondly, a form 
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of dyspraxia, in which the action he happened to be 
performing was interrupted at a certain point, and 
however much he attempted to overcome this, he would 
be unable to proceed beyond the “fixed point’. Thus, 
on the first occasion he was counting out series of 20, 
but could not continue after 17. There was a gap in the 
series of numbers. In a different form this was repeated 
at meals; lifting his fork to his mouth, it would not go 
as far as his lips; or on another occasion, he could not 
write the last sentence of a letter, yet was able to dictate 
it to his wife. 

In 1952, a diagnosis of cysticercosis was made, 
calcified cysts being shown on radiography of the thighs. 
As a result he was awarded a 30% disability pension 
from the Army. 

A whole series of epileptic manifestations occurred 
between 1953 and 1956. These included attacks of an 
altered state of feeling with a totally uncharacteristic 
longing to go to Burma; this was associated with the 
olfactory hallucination of a specific Indian bazaar, and 
some hours later, an epileptic convulsion. Another aura 
which did not lead to full jactitations but only to altered 
consciousness and some muscle jerking, of which he 
remained aware, was a change in his body image, in 
which he seemed to grow unusually tall. On two occa- 
sions, his wife reports brief, violent rages of which he 
has only the dimmest memory and for which there was 
no external precipitant. 

In 1949 he married and sexual relations were, from 
the first, normal in all respects. A child was born in 1951. 

In 1955 he became attracted to one of the clerks, mainly, 
he said, because she wore attractive clothing, and at this 
time he specifically asked his wife to wear frilly, attrac- 
tively-coloured underwear. 

In 1955 he had one grand mal seizure but has had 
none since. 

One afternoon in February, 1956, he suddenly ex- 
perienced a sensation as if he had received a blow in the 
stomach, and soon afterwards there was a pulling 
sensation in the jaws, followed by an impulse to dress 
in female clothes. On the way home from work, he 
bought some female underwear and secretly put it on 
when he reached home. He then felt ‘‘ completely calm” 
for a few minutes, then he experienced a feeling of 
revulsion and later that night burnt the clothes. There 
was no major seizure and this was the first occasion that 
an epigastric aura had occurred. 

Throughout 1956 and 1957, he had episodic desires to 
transvest, at first every few months, later nearly every 
day. On all occasions this desire was ushered in by 
epigastric and jaw sensations. He became increasingly 
irritable and normal sexual activity slowly diminished 
over these years. The feeling of calmness when trans- 
vested was uniformly profound and had a compelling 
quality about it. 

In 1958, the desire to transvest became more persistent 
and started to occur without the epigastric sensations. 
It was now impossible for him to hide the transvestist 
activity from his wife, and though he worked efficiently 
at the bank all day, he would spend the evening at home 
completely dressed in female clothes, using cosmetics 
and adopting female mannerisms. He became more 
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depressed and related his illness to the psychotic il|nesses 
of his mother and grandmother. He began to contem. 
plate suicide and psychiatric advice was finally sought, 

On examination, there was no physical abnormality 
except for a subcutaneous nodule behind the left ear. 
He was mildly depressed but he was fully alert ang 
obviously of good intelligence (1.Q. 127—Wechsler), 
He was of athletic physique and, while in hospital, he 
joined in all sporting activities. He dressed normally 
and no female mannerisms were observed. The desire to 
transvest was occasionally very strong, but to people 
unacquainted with his history, he appeared in every way 
normal. 

Investigations showed that there were numerous 
calcified cysts in the thighs and pelvis, though none could 
be positively identified on the skull radiographs. Electro- 
encephalography (with bilateral temporal sphenoidal 
recordings) showed no abnormality other than one 
isolated spike in the record obtained from the right 
temporal region. Investigatory psychoanalytically 
orientated interviews could reveal no definite evidence 
of abnormalities in sexual development. In all respects, 
before the onset of transvestism, his sexual life was well 
within normal limits. 

The patient has now been under observation for a 
year, and the desire to transvest is now slightly more 
persistent than it was. In hospital this desire could be 
curbed, but at home, it cannot. Treatment had included 
psychotherapy and an attempt to produce an unpleasant 
emotion when he transvests by methods of conditioning. 
To date these attempts have been unsuccessful. They 
will be reported in detail elsewhere. 


Discussion 


There can be no doubt that this man has calcified 
cysticercus cysts in the thigh muscles and, while 
none show on his skull radiograph, the history is 
such that a diagnosis of cerebral cysticercosis must 
be made on clinical grounds. The fits, multiple 
temporal lobe aura, and the transvestism seem to 
be associated with these lesions. Dixon and 
Hargreaves (1944) have followed 284 patients with 
cysticercosis. Mental abnormalities are mentioned, 
particularly personality deviations, 5° of the patients 
showing evidence of marked mental deterioration 
(generally secondary to frequent epileptic attacks) 
sufficient to warrant admission to a mental hospital. 
Multiple focal phenomena were noted to occur 
frequently, as were antisocial acts, but no reference 
is made to abnormalities in sexual behaviour. 

Temporal lobe lesions from other causes have 
been associated with abnormal sexual behaviour in 
other patients seen at the same hospital and four 
brief case histories describe the relevant features :— 


Case 1.—A 13-year-old boy had a left-sided cerebral 
lesion (with E.E.G. evidence of temporal lobe abnor- 
mality), the consequence of a prolonged and difficult 
delivery. He developed epilepsy at the age of 8, and at 
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the age of 11 began to wear female clothes. In addition, 
there were behaviour problems at school. He was of low 
intelligence (1.Q. 86—Wechsler). It is interesting to note 
that the transvestist activities became prominent as the 
major seizures were controlled with anticonvulsant 


drugs. 


Case 2.—This patient had a normal childhood and 
had no major illness until he developed epilepsy at the 
age of 23, while in the Army. The aurae included sudden 
confusion, movements of the lips, epigastric sensations, 
and derealization phenomena. Medication was un- 
successful in controlling the frequency of the fits. 
Physical examination and radiological studies showed 
no abnormalities. The E.E.G., however, showed definite 
right-sided spike discharges. In 1954, at the age of 
35, a right temporal lobectomy was performed by Mr. 
Murray Falconer. A small astrocytoma was found in 
the right uncal region. This patient’s sexual develop- 
ment showed abnormalities in adolescence, when he 
masturbated while dressed in female underwear. Hetero- 
sexual experiences were never successful because of the 
transvestism, which became more prominent. He had 
also, some homosexual experiences while he was in the 
Army. Post-operatively he has recovered completely 
from the epilepsy. In addition, he has received psycho- 
analytical treatment for his sexual difficulties with some 
definite improvement. 


Case 3.—An adolescent boy developed slowly in 
childhood and a diagnosis of spastic quadraplegia was 
made when he was 2 years old. At the age of 12 he was 
referred for psychiatric treatment because of aggressive, 
impulsive behaviour. Transvestism began when he was 
13, while under observation. The E.E.G. showed a 
complex abnormal record that included abnormalities in 
recordings from both temporal regions. 


Case 4.—Temporal lobectomy relieved both the 
epilepsy and fetichism that were associated in a patient 
described by Mitchell, Falconer, and Hill (1954). 


While the clinical association of transvestism and 
cerebral pathology is shown by the above case 
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histories, we are not in a position to localize the 
cerebral disturbances that underlie such abnormali- 
ties further than suggesting the importance of 
mechanisms within the temporal lobes. Such 
mechanisms have been suggested by experimental 
work on different species of animals. When bilateral 
temporal lobe lesions are produced various be- 
havioural changes occur, including changes in 
sexual behaviour (Kliiver and Bucy, 1939; Schreiner 
and Kling, 1953; Green, Clemente, and De Groot, 
1957). The relationship of these associations to the 
fact that transvestism is probably a widespread 
phenomenon and the many varied explanations 
couched in psychological terms that have been 
offered to explain it (reviewed by Lukianowicz, 
1959) remains obscure. 


Summary 


A patient is reported with cerebral cysticercosis, 
in whom the desire to transvest was preceded by 
temporal lobe aurae. The development of the 
illness, which has resisted treatment, is described 
and four other patients are mentioned in whom 
abnormalities of sexual behaviour were associated 
with temporal lobe lesions. 


We wish to thank Dr. Linford Rees for his advice 
and for permission to publish this report, the patient 
being admitted under his care; and to Mr. Murray 
Falconer and Dr. Pond for permission to mention the 
other case histories. 
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PARAGEUSIA FOLLOWING BELL’S PALSY: A RESULT 
OF FAULTY RE-INNERVATION 


BY 


GEOFFREY RUSHWORTH 
From the Neurological Research Unit, Churchill Hospital, Oxford 


Loss of taste on the anterior two-thirds of the 
tongue is quite a common accompaniment of Bell’s 
palsy and it may persist unless reasonable re- 
innervation takes place. Parageusia, however, is 
only rarely met with (Symonds, C. P., personal 
communication), and the following case history is 
that of a patient whose life was made intolerable 
by a strong, persistent salty taste in the right side 
of the mouth which came on six months after a right 
Bell’s palsy and was associated with other evidence 
of faulty re-innervation. 

M.J., an old lady aged 75, had an attack of “flu” in 
October, 1957, and in the convalescent phase began to 
experience dull, aching pain around the right ear and 
then almost three days later complete right facial 
paralysis. At this time, she noticed that she was unable 
to taste on the right side of the tongue. No herpes were 
noted either by the patient or by her doctors. 

When seen in Oxford eight weeks later (December 19, 
1957) she was an alert old lady who was very deaf. 
There was complete right facial paralysis and loss of 
taste over the anterior two-thirds of the right side of the 
tongue. Apart from bilateral eighth nerve deafness there 
were no other physical signs of disease in the nervous 
system. 

Two months later (February 18, 1958) after attending 
the physiotherapy department twice weekly for electrical 
stimulation, there was still no voluntary movement of the 
facial muscles. 

In May, 1958, seven months after the original Bell’s 
palsy, the patient complained that she now had an 
unpleasant salty taste in the right side of the mouth which 
had been present for about four weeks, and the right eye 
tended to water profusely whenever she ate. Severe 
contracture of the right side of the face had occurred, 
and as a consequence the right eye was almost totally 
closed. 

In October, 1958, she was admitted to the Churchill 
Hospital for assessment as the unpleasant salty taste 
was making her life intolerable; she had never liked salt 
and now all her food tasted very salty and the taste of 
unpleasant brine was always with her. She attempted 
to remove ihe saltiness by frequently washing her 
artific2i teeth under running water. The salty taste was 
most intensely localized to a small region of the lower lip 
on the right side, and seemed to originate there. She ate 
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very little as the salty taste now nauseated her. On 
examination, the patient was an elderly, very deaf, 
bright, white-haired woman who was rather emaciated. 
She had obvious facial assymetry, and the face was 
drawn to the right, the right eye being almost completely 
closed. Voluntary movements of the face were minimal: 
she was unable to corrugate the forehead on the right, 
she could close the right eye though the orbicularis oculi 
was very weak, movement of the right side of the mouth 
was minimal, and the right platysma was also in con- 
tracture. There were associated movements between 
the right side of the mouth and the right orbicularis 
oculi. 

Taste sensation was explored on the tongue: on the 
right, solutions of salt, sugar, dilute acetic acid, and 
quinine were not tasted. The right side of the palate 
also showed this abnormality, whereas the left side of 
palate and tongue were quite normal. 

When the patient’s lips, mouth, and tongue were 
painted with 1% cocaine, taste sensation was abolished 
from the left side of the tongue and palate, but the 
spontaneous salty taste referred to the right side of the 
tongue and mouth, persisted. 

The same result was obtained when the patient sucked 
nupercaine lozznges though now the sensations of pain 
and touch as well as taste were absent. It was thus 
apparent that the afferent impulses giving rise to the 
spontaneous sensation of salty taste did not originate 
in the mouth. 

During the period when the mouth was anaesthetized 
it was also noted that the previous continuous secretion 
of tears from the right eye had ceased. 

When 2 ml. of 2% xylocaine was infiltrated around the 
right facial nerve behind the ramus of the mandible, the 
parageusia was completely lost together with a little 
weakening of the already feeble musculature on that side. 
On another occasion an infiltration of 2°% procaine 
across the branches of the facial nerve as they emerge 
from the parotid gland gave identical results. The 
parageusia returned when the local anaesthetic had worn 
off. 

Encouraged by the success of the local anaesthetic in 
abolishing the unpleasant salty taste, 0-1 ml. of absolute 
alcohol was injected following a successful facial block 
with 2% xylocaine, using the same needle which had been 
left in situ. Twenty-four hours later the patient still 
had the parageusia but thought it was less than before. 
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PARAGEUSIA FOLLOWING BELL’S PALSY 


The procedure was repeated using this time 0-2 ml. 
absolute alcohol. Again complete abolition of para- 
geusia was not obtained, so finally 0-4 ml. of absolute 
alcoho! was injected near the nerve after xylocaine block. 
This time the patient was completely free of parageusia 
and still had some facial movement and could close the 
righteye. The secretion of tears by the right eye was much 
less than previously but had not been abolished com- 


| pletely. 


At follow-up examination in February, 1960, the 
patient stated that the salty taste returned about one 
month after the injection, but was no longer intense and 
no longer troubled her. The facial contracture was 
severe, the right eye was completely closed, and voluntary 
facial movement on the right side was minimal. Taste 


sensation was still absent on the right side of the tongue. 
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The patient was now enjoying her food and had put on 
weight. 
Discussion 

Bell’s palsy is one of the commonest nerve 
lesions that is seen in neurological clinics, and a 
study of these cases has already contributed much 
information on the general problem of recovery of 
nerve lesions in continuity. It is sometimes surpris- 
ing how badly an undivided motor nerve may 
regenerate, and because of the sprouting and division 
of axons to re-innervate several different facial 
muscles it may produce bizarre effects on facial 
expression. Irrevocable functional union may take 
place between muscles which do not normally 
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Fu. 1.—A diagrammatic representation of the afferent and secreto-motor fibres of the facial nerve. The motor fibres supplying the facial 


musculature have been omitted for the sake of clarity. 


Following a lesion of the facial nerve in the geniculate ganglia or central to it, faulty regeneration may result in linkage between the 
secreto-motor fibres of the lacrimal and salivary glands. This produces the phenomenon of crocodile tears. When the lesion is at 
the origin of the chorda tympani as it leaves the facial nerve or central to this site, parageusia may result from faulty linkage between taste 


and muscle afferents. 
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contract simultaneously (Howe, Tower, and Duel, 
1937), and an example of this linkage was illustrated 
by James and Russell (1951) in which the patient’s 
smile was also accompanied by a wink. Mass 
re-innervation due to division of axons is not, 
however, restricted to the motor nerves of muscles, 
for the syndrome of crocodile tears (Ford, 1933; 
Boyer and Gardner, 1949) shows a faulty linkage 
between the salivary and lacrimal glands. Thus the 
afferent influx which usually determines a reflex 
stimulation of salivary secretion also now stimulates 
the lacrimal gland (Fig. 1). Moreover it is also 
probable that facial muscle efferents may also 
faultily re-innervate the lacrimal gland, as acetyl- 
choline is the common junctional transmitter, and 
axon sprouts from large fibres will grow into 
the neurilemmal tubes of degenerated small fibres 
and vice versa (Sanders and Young, 1944, 1946). 
Thus with every facial movement, whether reflex or 
voluntary, there will also be glandular secretion. 
The present case showed this phenomenon, and the 
crocodile tears were reduced when the facial nerve 
was partially blocked with alcohol thus interrupting 
some of the efferent fibres destined for the lacrimal 
gland. 

The afferent fibres of the chorda tympani are a 
relatively minor part of the facial nerve, and, 
according to Zotterman (1935), are unmyelinated 
fibres probably less than 4,1 in diameter. The other 
known afferent component of the facial nerve is the 
group of proprioceptive fibres which originate in 
the facial musculature. It is postulated that the 
disability of the present case occurred because, 
during regeneration, fibres of the chorda tympani 
grew into the neurilemmal tubes of proprioceptive 
fibres and re-innervated the stretch receptors of the 
facial musculature. Thus the proprioceptive dis- 
charge passed into fibres of the chorda tympani and 
were interpreted as ‘‘salty taste’. It was certainly 
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demonstrated that the origin of the afferent impulses 
giving rise to the salty taste did not reside in the 
mouth though they were abolished by blocking the 
facial nerve over the zygoma. Unless “‘artificia| 
synapses”’ between motor and sensory nerves can 
occur following a nerve lesion, no other hypothesis 
than the faulty re-innervation of proprioceptors with 
taste fibres of the chorda tympani will satisfactorily 
explain the facts of this case. 


Summary 


A case is described of parageusia following Bell's 
palsy after six months. 

The strong, persistent taste of salt was in the right 
side of the mouth and tongue from which the sen- 
sations of taste were absent. 

The parageusia was unaffected by completely 
anaesthetizing the mouth. 

The parageusia was abolished reversibly by block- 
ing the facial nerve with local anaesthetics, and 
permanently diminished by a small injection of 
absolute alcohol which did not entirely destroy all 
facial movements. 


It is through the kindness of Dr. Ritchie Russell that 
this case was investigated. Dr. K. A. K. North gave 
willing assistance and I am most grateful for his help 
and cooperation. Sir Charles Symonds, Sir Russell 
Brain, and Dr. D. Taverner very kindly commented on 
this case and they have my grateful thanks. I am in- 
debted to my wife, Dr. Elizabeth Martin, for her criticism 
of the manuscript and for the careful drawing of Fig. 1. 
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ALTERATIONS OF SIZE CONSTANCY ASSOCIATED 
WITH BRAIN LESIONS IN MAN* 


BY 
MARIA WYKE 


From the Psychological Laboratory, Institute of Neurology, National Hospital, Queen Square, London 


Constancy of visual perception is of special be- 
havioural importance in man, for it is one of the 
bases of his spatial orientation, and is manifest in 
several spheres of visual experience. 

For example, the perception of the size of objects 
is relatively independent of their distance from the 
observer. Thus if one inspects two pennies, the 
first at a distance of three feet and the second twice 
as far away, the nearer penny does not look anything 
like twice as big as the more distant one, even though 
the dimensions of the retinal image of the more 
distant coin are half those of the image of the nearer 
one. 

Apparent shape provides yet another example of 
visual constancy. For the perceived shape of an 
object exhibits considerable stability, in spite of the 
fact that the geometry of its retinal image con- 
stantly changes as an individual moves in relation 
to the object, or the object in relation to an observer. 
In either circumstances the object appears always to 
be more or less the same shape, no matter how it be 
viewed: if a penny is watched while slowly tilting it 
through 45° it continues to appear more or less 
round, in spite of the fact that the image projected 
on the retina gradually assumes the form of an 
ellipse. 

The visual perception of size-distance relations 
may be affected by a number of factors, such as re- 
duction of visual cues, changes in illumination and 
in the angular separation of the objects viewed, and 
the effect of attitude (Wyke, 1959). However, 
previous studies (Vernon, 1952) have shown that 
under binocular viewing conditions providing 
abundant visual cues, and in response to specific 
instructions, it is possible for normal individuals to 
produce perceptual judgments close to_ size 
constancy. 

The optical properties of the eye cannot provide 
the means for making size constancy judgments 
(Fig. 1). This phenomenon must therefore involve 





*This paper is based on work carried out in fulfilment of the 
requirements for the degree of Ph.D. in the University of London. 


central nervous mechanisms additional to those of 
the retina and its primary afferent projections. 





Fic. 1.—A diagram illustrating the principle of size constancy 
judgment. 


Evidence of this is provided by the clinical ob- 
servation that alterations in the apparent size of 
visual objects are sometimes described by patients 
with brain lesions that do not involve the primary 
visual pathways. Such alterations are noted in two 
different circumstances. First, they may appear as 
transient pre-ictal phenomena in seizures of tem- 
poral lobe origin; or second, they may occur as 
persisting disturbances of perception of size and 
distance in association with lesions of the parietal 
lobes. 

Patients with irritative lesions in one or other 
temporal lobe (e.g., Penfield and Jasper, 1954) may 
experience seizures that begin with brief alterations 
in the apparent size, shape, or distance of objects in 
the visual field. According to Penfield (loc. cit.), 
these phenomena are not disturbances of vision 
itself but represent a misinterpretation of visual 
experience and as such they are illusional in charac- 
ter. For this reason, seizures of this type have been 
classified by Penfield (1947) as “‘psychical’’. 

On the other hand, destructive lesions of the 
parietal lobes may result in persisting alterations in 
the perception of size, and in distance judgment. 
Thus, alterations in the apparent size of objects were 
reported in 1919 by Holmes in six cases with post- 
traumatic lesions in the posterior parts of both 
cerebral hemispheres; and similar visual disorders 
in patients with parietal lesions have been reported 
more recently by Bender and Teuber (1947, 1948). 
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TABLE I 
VISUAL PERCEPTUAL DISORDERS IN CASES WITH BRAIN LESIONS 
Auth | Perceptual Alterations Reported | Other P 1a] Disord Ocul tor Disord | Site of Les 
uthor (Size, Distance, and Shape) | ther Perceptual Disorders ulomotor Disorders ite of Lesion 
Holmes (1919) | Inability to judge relative | Difficulty in counting objects | Difficulty in fixation, im- | Bilateral, 
6 cases sizes. Overestimation of | and in reading. Loss ofstereo- | paired accommodation and Posterior 
distance scopic vision (in one case) convergence (in all 
Cases) 
Holmes and Inability to judge apparent size. | Loss of topographical memory, Difficulty in fixation, im- Bilateral, 
Horrax (1919) Absolute and relative dis- loss of topographical orien- paired accommodation and Posterior 
1 case tance judgment severely tation, inability to perceive | convergence 
impaired movement, reading and count- | 
ing difficulties, loss of stereo- 
scopic vision 
Riddoch (1935) Inability to judge distance in None reported Impairment of conjugate de- Unilateral, 
2 cases homonymous half-fields of viation to right parietal, 
apparently normal fields of Posterior 
vision (left) 
Brain (1941) Inability to judge distance Unilateral spatial agnosia None Unilateral, 
3 case; accurately in crossed (in two cases) Posterior 
homonymous _ehalf-fields, Apraxia for dressing, right-left (2 right, 
otherwise apparently nor- disorientation 1 left) 
mal Loss of topographical memory 
(in one case) 
Paterson and Difficulty in estimating abso- Visual inattention. Agnosia for None Unilateral, 
Zangwill (1944) | lute and relative distance in left side of space. Visual con- occipital 
1 case | left upper quadrants of the structive disabilities (right) 
visual fields 
Symonds (1946) Difficulty in judging distance None reported None Unilateral, 
1 case posterior 
(right) 
Bender and | Changes in apparent size and Visual constructive disability None Unilateral, 
Teuber (1948) shape, inability to judge dis- posterior 
2 cases tance, limited to amblyopic (right in 
parts of visual fields both case 
McFie et al. Inability to assess the distance Visual constructive disabilities. Not mentioned Unilateral, 
(1950) of near objects Neglect of left side of visual fronto- 
1 case space parietal 
(right) 
Hécaen et ai. Inability to judge distances Rotation of visual coordinates. None Unilateral, 
(1957) Left-right disorientation. parietal 
1 case Visual constructive disability (right) 
Ettlinger et al. Impairment of relative dis- Visual constructive disability None Unilateral, 
(1957) tance judgment Marked unilateral neglect posterior 
2 cases (in one case) (right in 
| | both cases 





Alterations of size and/or distance judgment in 
patients with parietal lesions have also been described 
by Riddoch (1935), Brain (1941), Paterson and 
Zangwill (1944), Symonds (1946), McFie, Piercy, 
and Zangwill (1950), Hécaen, Penfield, Bertrand, 
and Malmo (1956), and Ettlinger, Warrington, and 
Zangwill (1957). The relevant features of these case 
reports are summarized in Table I. 

Abnormalities in the perception of size in cases 
of this type have seldom been interpreted as altera- 
tions of perception involving changes in the relations 
between the apparent size of objects and their 
distance from the observer. Further, concomitant 
disturbances of perception of size and distance 
occurring in the same patient have generally been 
considered as two unrelated problems. But in the 
belief that these phenomena might in fact be mani- 
festations of altered perceptual constancy, and in the 
hope that their study would contribute to the analysis 
of the syndrome of spatial disorientation, a set of 
experiments on size constancy was designed as part 
of an investigation of disorders of visual perception 
associated with brain lesions. These experiments 
were intended to compare the size judgments of a 


group of patients having variously located brain 
lesions with those of a control group of normal 
subjects thereby throwing light on the central basis 
of size constancy. 


Method 


Selection of Subjects.—The clinical material comprised 
39 patients, each with a verified, single, circumscribed 
lesion involving part of the cerebral cortex. The lesion 
was identified at operation in 36 of the cases, at necropsy 
in one case, and in two cases from radiographic evidence 


that clearly indicated the nature and location of an in-f 
operable tumour. None of these patients had significant} 


intellectual impairment, disturbances of visual acuity, or 
clinically apparent abnormalities of oculomotor function 
sufficient to affect their performance in the tests. 
The pathological nature of the lesions fell into four 
main categories: Localized cortical excisions (15 cases); 
lobectomies (nine cases); neoplasms (eight cases); glial 
scars (six cases); 
haematoma. 


The control material comprised 30 healthy men and 
women, together with six patients with peripheral nerve> 


injuries. The control subjects were selected to be within 
the same age range as that embracing the patients form- 
ing the clinical group, that is, between 16 and 65 years of 
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SIZE CONSTANCY ASSOCIATED WITH BRAIN LESIONS IN MAN 


They were also free from any visual or oculomotor 


age. ) 
defects, other than in a few cases refractive errors that 
were corrected with spectacles. 


Allocation of Lesions.—Lesions were allocated to 
cortical sectors defined arbitrarily by the conventional 
anatomical boundaries (von Bonin, 1950), in terms of the 
site of the main bulk of the lesion. Where a lesion ex- 
tended more or less equally between adjacent cortical 
sectors, it was allocated to both of them. 

The final allocation of a lesion to a cortical sector was 
made by combining all the anatomical data available for 
each case,* such data being derived from the results of 
electroencephalography, cerebral angiography and air 
studies, together with the more detailed information 
provided at operation or necropsy. On this basis alloca- 
tions were distributed, as shown in Table II, in terms of 


TABLE II 


ANATOMICAL LOCATION OF VERIFIED CORTICAL 
LESIONS IN 39 PATIENTS 





A. 
Frontal only .. om ‘8 ays gs 5 
Temporal only sy es i is co 
Parietal only .. ra ot on © ch 5 
Occipital only .. _ en es = a 1 
Fronto-temporal 2 
Fronto-parietal 6 
Parieto-temporal 5 
Parieto-occipital 2 
Temporo-occipital 1 

B. 
Frontal lobe involved by = 13 lesions 
Temporal lobe involved by .. 20 lesions 
Parietal lobe involved by 18 lesions 
Occipital lobe involved by 4 lesions 


Total number of lesions allocated — 





frontal, temporal, parietal, and occipital sectors, and in 
various paired combinations of these. This classification 
of lesions follows that proposed by Semmes, Weinstein, 
Ghent, and Teuber (1955). 

Lesions were further classified in terms of their 
laterality, that is, whether in the right or left hemi- 
sphere. 


Apparatus.—This consisted of a rectangular, black- 
lined box 3 m. long, in which the stimulus and com- 
parison objects were both mounted (Fig. 2). 

The stimulus objects were presented at one side of the 
box, on the subject’s left, at a distance of 100 cm. from 
his eyes. These objects were evenly-illuminated triangles 
of two sizes, respectively 5 cm. and 10 cm. in vertical 
height. 

The comparison object was fixed at 300 cm. from the 
subject’s eyes, at the other (right) side of the box. It also 
was an evenly-illuminated white triangle but its size could 





*It is not to be supposed that such an allocation represents the total 


than absolute, the designated sector of the cortex being that most 
damaged by the lesion relative to adjacent sectors. 
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Stimulus Figure 

8 - Comparison Fiqure 

C - Movable Shutter 

D- Chin Rest 

— - Wheel Controlling Shutter 
fF - Scale (mm) 





Fic. 2.—Cross-sectional diagram of apparatus employed for the 
measurement of size-constancy judgments. 


be linearly adjusted by the subject through a remote drive 
operating a shutter moving vertically in front of the 
triangle until it appeared to be of the same size as the 
stimulus object. Movements of the screening shutter in 
either direction could be read off from a scale, mounted 
on the side of the box so that it was invisible to the 
subject. In choosing the comparison triangle a range of 
size variation exceeding, at both upper and lower limits, 
the physical sizes of the two stimulus objects was 
provided. 

In this situation, the vertical height of the variable 
comparison triangle had to be adjusted to 5 cm. and 
10 cm. respectively for equality of physical size with 
each of the stimulus triangles, and to 15 cm. and 30 cm. 
respectively for equality of size of retinal image, i.e., of 
visual angle. 

The angular separation between the centre of the 
stimulus triangle in situ and the centre of the comparison 
triangle, subtended at the mid-point between the 
subject’s eyes, was 9°. 

The subject’s head was steadied on a chin rest, secured 
to the base of the rectangular box. 

The interior of the box, and the contained fittings, were 
coated with a non-reflective black paint to prevent the 
observer basing his judgments on the size of the shutter 
needed to reduce or enlarge the comparison object to the 
required size. Comparison of the stimulus objects with 
familiar objects was prevented, as far as possible, 
by keeping the testing room in darkness, only the interior 
of the box being illuminated. Special care was taken 
that the intensity and distribution of illumination within 
the box were such as to permit the subject to assess 
the distance between the stimulus and comparison 
objects. 


Instructions.—The instructions given to the subject re- 
quired him to look back and forth between the stimulus 
and comparison objects, while adjusting the size of the 
latter until the two objects were judged to be equal. 

The instructions were framed with the purpose of 
emphasizing to the subject the necessity of considering 
the real physical, i.e., measured, size of the objects, and 
were as follows: 

“There (pointing to the stimulus triangle of either 
5 cm. or 10 cm. height) you see a triangle.” 
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“There (pointing to the comparison triangle) to your 
right, and further away, is another triangle that can be 
varied in size by means of this wheel” (pointing to the 
wheel within the subject’s reach). 

“Please adjust it by turning the wheel until the triangles 
look to you to be the same actual size, that is, as if you 
were comparing them by measuring them.” 

The subject’s adjustments of the size of the variable 
comparison triangle were randomly varied between 
larger to equality, and smaller to equality. In half of the 
trials he was allowed to begin from larger, and in half 
from smaller, preliminary settings of the shutter. In 
both cases he was allowed to make fine adjustments of 
the shutter, up and down, until he expressed himself 
satisfied with the match. 

Each observer made six judgments with binocular and 
six judgments with monocular vision. These trials were 
also varied in a random way. In the monocular judg- 
ments the preferred eye was always used, this being 
determined beforehand by a test of eye dominance. 

In the circumstances of this experiment, the comparison 
triangle would have to be adjusted to a height of 5 cm. 
for equality of physical size and to 15 cm. for equality of 
retinal size. In Fig. 1 triangle (s) represents the stimulus 
object 100 cm. from the nodal point of the eye (n). The 
triangles (c) and (b) to the left represent the comparison 
object, 300 cm. from (n). If the subject is to make a 
constancy judgment, then he should adjust the com- 
parison triangle to the dimensions of (c); but should he 
make a retinal image judgment, then he will adjust the 
comparison triangle to the dimensions of (b) so that it 
subtends at the retina an image of the dimensions 
of (a). 


Analysis of Results.—The individual judgments of size 
by each subject were measured in centimetres on the 
scale attached to the side of the box. The values obtained 
in each of six trials were added, and the means calculated. 
The result of each experiment was then expressed in 
terms of an average error of deviation from constancy, 
irrespective of the actual sign of the error. In other 
words, the mean error was referred theoretically to 
absolute constancy represented by zero error. Means 
and standard deviations were obtained in this way for 
each of the patients and for each of the normal control 
subjects in conditions both of binocular and monocular 
vision. 

Five separate analyses of variance were made for each 
experiment, following the method proposed by Semmes 
et al. (1955), as follows:— 

(a) Controls vs frontal vs non-frontal lesions 

(b) Controls vs temporal vs non-temporal lesions 

(c) Controls vs parietal vs non-parietal lesions 

(d) Controls vs right-sided lesions vs left-sided lesions 

(e) Controls vs patients with visual field defects 

ys patients without visual field defects 

Statistical comparisons involving the group of patients 
with occipital lobe lesions were not made, as there were 
only four such cases, and only one of these patients had a 
purely occipital lesion, the other three having posterior 
extensions of lesions located primarily in the temporal or 
parietal lobes. 
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Results 
With Binocular Vision.—The means of the ay erage 
errors of judgment (and their standard deviations) 
for each of the groups of patients, and for the normal 


























control group, are listed in Table III. The results 
TABLE III 
SIZE JUDGMENT WITH BINOCULAR VISION 
A. 
| 5 cm. Figure 10 cm. Fi 
J | Means | S.D. | Means | SD. 
Controls _ | 36 | 063 | O48 | 1-38 | 103, 
Frontal lesions | 3 0-64 0-41 1-61 1-61 
Temporal lesions 20 0-99 0-88 1-74 I: 
Parietal lesions 18 1-17 0-96 2-49 1-72 
Occipital lesions 4 1-52 0-79 1-63 1-62 
Right-sided lesions | 19 088 | 0-66 184-53 
Left-sided lesions 20 0-94 0-87 1-73 1-49 
Patients with visual | } | be 
field defects |; tt 1-32 1-07 1-83 1-36 
Patients without | 
visual field defects | 28 0-75 0-53 1-76 1-57 
B. 
Groups | «af. t Significance 
Controls vs frontal lesions | 47 0:35 None 
Controls vs temporal lesions 54 1-56 None 
Controls vs parietal lesions } S2 | 2-82 At 0-01 level 





are shown graphically in Fig. 3. (It should be 
pointed out that the group of patients showed a 
greater scatter of the six individual judgments in 
each instance than did the control subjects, but this 
difference is not statistically significant.) 

The performance of the group of patients with 
lesions involving the parietal lobe is significantly 
different from that of the control group (t = 2:82; 
significant at the 0-01 level of confidence) in that 
their judgments deviated significantly from con- 
stancy. Size judgments by the former group are 
also further from constancy than those of all other 
patients at the 0-02 level of confidence (t = 2-35). 
However, the performance of each of the groups of 
patients with lesions elsewhere than in the parietal 
lobe is not significantly different from that of the 
control group. 

Analysis of the results in terms of the laterality of 
the lesions reveals no significant difference (F = 1-45) 
between errors made by the patients with right-sided 
lesions and those made by patients with left-sided 
lesions. 

Consideration of the results in relation to the 
occurrence of visual field defects reveals no con- 
sistently significant association. For example, with 
the 5 cm. figure a comparison of the errors made by 
patients having visual field defects with those made 
by patients without such defects shows them to be 
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Fic. 3.—Means of the average errors in size judgments made by the control subjects, and by each of the patient subgroups, using 
binocular vision. Figures in clear blocks at right (c) are the standard deviations (compare with Table III). The results for each stimulus 
figure are treated in combination, as in each case the error made by the subjects showed a similar trend. 
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significantly greater (t = 2-13; significant at the 
0-05 level of confidence) in the former group. On 
the other hand, there is no significant difference 
between the same two groups of patients, when the 
10 cm. triangle is employed. 


With Monocular Vision.—The means and standard 
deviations of the errors made with monocular 
judgments of size are shown in Table IV. The 
results are displayed graphically in Fig. 4. 


























TABLE IV 
SIZE JUDGMENT WITH MONOCULAR VISION 
A. 
| No. of | 5 cm. Figure 10 cm. Figure 
Groups Subjects 
J Means S.D. ; Means S.D. 
Controls 36 1-13 0-77 1-91 1-58 
Frontal lesions 13 1-42 1-51 1-40 1-67 
Temporal lesions 20 1-01 1-03 1-51 1-46 
Parietal lesions 18 1-71 1-71 2:31 1-82 
Occipital lesions a 1-88 0-57 2-69 1-90 
Righi-sided lesions | 19 1-18 1:25 | 1°56 1-63 
Left-sided lesions | 20 1:26 1:57 | 1-84 1-60 
Patients with visual | 
field defects ; it 1-91 1-68 2-48 1-93 
Patients without } 
visual field defects | 28 0-95 104 | 140 | 1:38 
B. 
Groups | df. t | Significance 
Controls vs frontal lesions | 47 0-78 None 
Controls vs temporal lesions 54 0-68 None 
Controls vs parietal lesions 52 1-71 None 
Controls + non-parietal 
lesions vs parietal lesions ee 1-99 At 0-05 level 





The findings are slightly different from those 
described for binocular judgments. As_ with 
binocular vision, there is no significant difference 
between the scores of the control group and those of 
the group of patients as a whole in conditions of 
monocular vision; nor is there any significant 
difference between the score of any one patient 
subgroup and that of the control group. 

However, there is a difference (significant at the 
0-05 level of confidence) between the performance of 
the group of patients with parietal lesions and that 
of the remainder of the patients grouped together. 
This apparent discrepancy is due to the fact (see 
Fig. 4) that the mean scores of the two groups of 
patients with temporal and frontal lobe lesions are 
each slightly better than the score of the control 
group. But if the performance of the parietal group 
be compared with that of the control group plus the 
patients without parietal lesions (pooled together), 
there is then a difference between the two cate- 
gories, that is, significant at the 0-05 level of con- 
fidence (t = 1-99), as shown in Table IV. 
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Anaiysis of the results according to the lateralit 
of the lesion again reveals no significant differeng 
between the scores of patients with right-side 
lesions and those of patients with left-sided lesions. 

Analysis of the results with respect to the occy. 
rence or otherwise of visual field defects gives the 
same findings as with binocular vision, viz., no 
consistent correlation. 


Relative Importance of Location of Lesion and of 
Visual Field Defects in Influencing Size Judgments, 
In view of the fact that of the 18 patients with 
parietal lobe lesions five had visual field defects, itis 
important to establish whether the presence of a 
parietal lesion or of a visual field defect is the more 
directly related to alterations of size constancy, 
This is especially necessary as there is evidence (see 
above) that patients with visual field defects may 
display alterations in size judgment in som 
conditions of the experiment. 

In an attempt to evaluate the relative significanc: 
of these two factors, an analysis of variance was 
performed in a manner similar to that proposed by 
Weinstein, Semmes, Ghent, and Teuber (1956) by 
subdividing the patient group in terms of the presence 
or absence of parietal lesions, and in terms of the 
presence or absence of visual field defects. 

The highest mean score, i.e., the greatest deviation 
from size constancy, was produced by a combina- 
tion of a parietal lesion and a visual field defect in 
conditions both of binocular and of monocular 
vision. Below these was the mean error made by 
patients with parietal lobe lesions, but without 
visual field defects. The scores of the remaining two 
patient groups, i.e., those with visual field defects 
but without parietal lesions and those with non- 
parietal lesions, and normal fields of vision, were 
each closer in value to those of the control group. 
The results of t tests performed on the scores of 
patients with a parietal lesion plus a visual field 
defect and with parietal lesions without a visual 
field defect reveal no significant difference between 
these two groups in any of the conditions of the 
experiment. 


Direction of Errors of Size Judgment in Patients 
with Parietal Lesions.—In order to determine 
whether the judgments made by patients with 
parietal lobe lesions deviated towards over-con- 
stancy, or towards the size of the retinal image, the 
following procedure was employed. (In the cir- 
cumstances of these experiments, an ‘“‘over-con- 
stancy”’ judgment is given when the subject makes 
the variable comparison triangle smaller than the 
nearer standard; and a retinal image judgment when 
he makes the variable triangle larger than the 
standard.) 
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SIZE CONSTANCY ASSOCIATED WITH BRAIN LESIONS IN MAN 


The absolute values of the size judgments made 
by each member of the control group in each of the 
experimental circumstances, i.e., with each stimulus 
figure, and witi. both binocular and monocular 
vision, were tabulated, and the means and standard 
deviations calculated. From these data, symmetrical 


' confidence limits for the control group were estab- 


lished by using a 2-tail t test at a 0-01 level of 
confidence. 

Size judgments made by patients with parietal 
lesions that exceeded the upper limit of confidence 
for those made by the control group of subjects were 


' classified as abnormal deviations towards the retinal 


image (ADRI); while results below the lower limit 
of confidence for the control subjects were classified 
as abnormal deviations towards over-constancy 
(ADOC). 

Independent analysis of the findings for each of 
the various conditions of experiment applied to the 
parietal cases shows that only in one such condition 
(binocular viewing of the 10 cm. figure) is the x? 
value significant at the 0-01 level of confidence 
when comparing the incidence of ADOC and 
ADRI judgments. Nevertheless, in all experi- 
mental circumstances the trend of the size judgments 
made by patients with parietal lesions is in the 
direction of over-constancy; and if the results in all 
conditions of the experiment be taken together, then 
the cases with parietal lobe lesions do show a sig- 
nificant tendency to make over-constancy judgments. 
For example (see Table V), out of a total of 45 mean 


TABLE V 


CATEGORIES OF ABNORMAL SIZE JUDGMENTS 
MADE BY PARIETAL CASES 





A. 
Total number of mean judgments .. 4 cs; a 
Normal deviations from constancy . . ix so. ae 
Abnormal deviations from constancy ae .. 45 
Abnormal deviations to over-constancy .. ‘> 
Abnormal deviations to retinal image a 


x? = 6°42 (significant at 0-02 level) 








B. 
Marked abnormal deviations to over- 
constancy. . os ee aF .. 8 cases x? = 4-58 
Moderate abnormal deviations to over- (significant at 
constancy. . ae ae se .. 3 cases 0-05 level? 
Marked abnormal deviations to retinal a 
image , os aes oa 3 cases | 





judgments made by those parietal cases that deviated 
abnormally from constancy, 31 were ADOC 
judgments, while only 14 were ADRI judgments. 
The x value for this comparison is 6-42, which is 
significant at the 0-02 level of confidence. 

in terms of these criteria, the size judgments made 
by the patients with parietal lesions may be classified 
as follows :— 
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Eight patients gave marked ADOC judgments; 
three gave moderate ADOC judgments; three gave 
marked ADRI judgments; and none gave moderate 
ADRI judgments. Alterations are arbitrarily 
designated as “‘marked’”’ when abnormal deviations 
from constancy were evident in three or more con- 
ditions of the experiment and as “moderate” when 
such judgments were given in two of the four 
conditions of the experiment. The x? value for the 
relevant comparison of these groups is 4:58 and this 
is significant at the 0-05 level of confidence (Table V). 

These observations indicate that the abnormal 
variations from constancy in the size judgments 
made by patients with parietal cortical lesions are 
more usually deviations towards over-constancy 
than towards retinal-image size. 


Clinical Observations.—The principal clinical ab- 
normalities of visual space perception encountered 
in this series of patients with lesions involving the 
parietal lobes were as follows:— 

(i) Unilateral spatial neglect in three patients with 
lesions in the right parietal lobe. 

(ii) Visuo-constructive defects (of the type des- 
cribed by Ettlinger et al., 1957) in 10 of the cases. 
The visuo-constructive impairment varied in severity, 
being marked in two of the cases and moderate in 
the remaining eight. All patients with evidence of 
visuo-constructive disabilities showed some degree 
of abnormal deviation from constancy when making 
size judgments, but there were four patients with 
abnormal deviations from size constancy who did 
not display any abnormality when performing visuo- 
constructive tests. 

(iii) “Spatial thought” disorder (see McFie et al., 
1950) was evident in five cases. These patients also 
showed some degree of abnormal deviation from 
constancy in making size judgments. 


Discussion 

The results of this study indicate that size con- 
stancy, in conditions both of binocular and monocu- 
lar vision, is disturbed significantly only when lesions 
involve the parietal cortical sector of either hemi- 
sphere. These disturbances are independent of the 
presence or absence of visual field defects, suggesting 
that they are to be ascribed to a perceptual disorder 
at a central level. These findings are consistent with 
earlier evidence (cf. Ettlinger et al., 1957) that the 
parietal cortex bears a special relationship to spatial 
orientation with regard to the external world. 

The results further suggest that alterations in the 
perception of size, such as are reported clinically in 
many cases of spatial disorientation, may well depend 
in part on a disturbance of the constancy mechanism. 

Explanations of the nature of the clinically 
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observed disturbances of visual perception of size 
and distance have so far varied considerably. 
Holmes (1919), for example, stated that in his cases 
the afferent systems from the labyrinths and from 
the ocular and other muscles were unimpaired, and 
that therefore the visual symptoms “must be 
attributed either to a disturbance of the local sign 
functions of the retina, or to a failure of the brain 
to associate and integrate these with other afferent 
impressions”. According to Holmes, there were in 
his cases “many direct observations showing that 
the retinal local signs were affected” but he did not 
specify what these direct observations were. 

Riddoch (1935) concluded that the estimation of 
relative and absolute distance is the result of the 
integration of immediate sensations from the retina 
with accumulated past experience. 

On the other hand, Ettlinger et al. (1957) sug- 
gested that perceptual abnormalities in cases with 
spatial disorientation are not wholly due to — 
of sensory function; and they thought it reas8nable 
to ascribe them to impairment of “‘higher levels of 
neurological integration”. In their view, the 
essential defect lies not in a disturbance of sensory 
input (as proposed by Bay, 1953) but in a failure to 
make use of this input at a “* central level’’. 

The majority of authors stress the fact that dis- 
orders of visual perception may occur in the absence 
of sensory deficits in the primary visual afferent 
system. But they have not suggested that afferent 
impulses arising from receptors in the extra-ocular 
muscles may contribute to the perception of size at 
different distances, i.e., to size constancy, although 
hypotheses involving such a concept have frequently 
been proposed in the past in connexion with other 
aspects of visual experience. In the perception of the 
size of objects viewed at different distances, the size of 
the retinal image per se cannot provide satisfactory 
cues for distance (e.g., see Graham, 1951); and it 
may be that afferent impulses generated by retinal 
stimulation are complemented coincidently in the 
brain by discharges related to the degree of con- 
vergence of the eyeballs that occurs during fixation. 
These latter discharges might then provide a major 
cue for judging the distance between two objects 
being viewed, and so play a part in making constancy 
judgments. In other words, it might be that a 
constancy judgment results if, when the pattern of 
retinal impulses changes because of the unequal 
sizes of the retinal images of the same object seen at 
different distances, afferent discharges from the 
external ocular muscles simultaneously provide 
information of the distance between the two objects 
producing the retinal images. 

Although it is now clear that human extrinsic 
ocular muscles contain receptors that are probably 
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capable of responding to changes in tension induced 
by varying degrees of ocular convergence (¢.2., s¢ 
Cooper, Daniel, and Whitteridge (1955), the role of 
such receptors in space perception has long bee, 
questioned (see Ludvigh, 1952). Nevertheless, the 
experimental and anatomical evidence now avail. 
able (e.g., Cooper et al., 1955) is sufficient to make 
it a reasonable hypothesis that ocular convergence 
in man fires afferent discharges from the eye muscle; 
into the brain, and that these eventually reach area; 
of the cortex, i.e., the parieto-occipital sectors, to 
which impulses of retinal origin are also directed, 
Cortical interpretation of these two sets of impulses, 
i.e., of retinal origin, and from receptors in the extra- 
ocular muscles, might then contribute to siz 
constancy judgments, the data from. the ocular 
muscle receptors modifying as it were coincidental 
information from the retinal receptors. 

If this hypothesis be tenable, it is possible that 
lesions in the parieto-occipital cortical sectors might 
result in alterations of size constancy judgments 
because cues normally provided by afferent dis- 
charges evoked from ocular muscle receptors can 
no longer be coordinated with cues provided by the 
primary retinal afferent systems. 

Abnormalities in size constancy judgments might 
then be regarded in a similar way to those of spatial 
orientation as proposed by Ettlinger ef al. (1957) as 
“an impairment of higher levels of neurological 
integration”. That is, they represent the result of 
disordered integration within the parieto-occipital 
regions of the cerebral cortex of two sets of afferent 
inputs. 

One further aspect of the present findings requires 
comment, namely, the phenomenon of  over- 
constancy displayed by 11 of the 18 patients with 
lesions involving the parietal cortical sector. 

Over-constancy in size judgments has previously 
been reported in several experimental studies on 
normal individuals, especially when using large 
distances (Smith, 1953). This was first interpreted 
in terms of space error; but lately it has been sug- 
gested (see Smith, 1953) that over-constancy 
judgments are the result of an improper estimation 
of distance, for Smith pointed out that should 
distance perception err in the direction of over- 
estimation, then size judgments deviate in the 
direction of over-constancy. 

This interpretation, if applied to the present 
results, might suggest that the group of patients with 
parietal lesions showed a tendency to over-con: 
stancy because of errors of distance judgment. 
Before this explanation is acceptable, it would be 
necessary to carry out independent studies of dis- 
tance perception in patients with parietal lesions. 
Studies of depth perception in the present group of 
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SIZE CONSTANCY ASSOCIATED 


subjects with parietal lesions (Wyke, 1959) failed to 
throw light on this problem. 

However, it is relevant to note that one finding 
common to all experimental studies in which over- 
constancy has been reported is that the degree of 
over-estimation of size increases in proportion to 
the distance between the two objects whose size is 
being compared (see Gilinsky, 1955). Such observa- 
tions may indicate that in circumstances when 
ocular convergence is operating significantly, size 
constancy judgments tend more towards constancy, 
whereas they deviate more markedly in the direction 
of over-constancy as convergence becomes less 
significant in the circumstances of observation. 
This in turn accords with the view here being 
that afferent discharges from extra- 
ocular muscles contribute to the making of size 


- constancy judgments. 


Summary 


An experimental study of size constancy, under 
binocular and monocular conditions, was under- 
taken in 39 patients with verified lesions in various 
sectors of the cerebral cortex, and in 36 healthy 
control subjects. 

Significant deviations from normal size judgments 
were found to be associated specifically with lesions 
involving the parietal sector of the cortex of either 
hemisphere, and were typically in the direction of 
over-constancy. The occurrence of such deviations 
was not found to be due to the presence of a visual 
field defect per se. 

Some theoretical interpretations of the results are 
discussed. 


Thanks are due to Dr. E. T. O. Slater, and the Institute 
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facilities to conduct this study, to the members of the staff 
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surgical Centre at the Brook Hospital, Woolwich, for 
allowing their cases to be studied. 

Thanks are also due to Professor O. L. Zangwill for 
his helpful advice, to Professor David Slome for facilities 
provided, and to Dr. Peter Armitage and Dr. R. Audley 
for statistical advice. 
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It seems that when studying the problems of the 
Babinski sign, we do not draw sufficient attention 
to its technical aspects. The appearance of the sign 
is conditioned by the action of an external stimulus 
applied by means of an instrument. The efficiency 
of a stimulus depends therefore on some variable 
factors, so that the result of a stimulation is not 
always easy to appreciate. An important demonstra- 
tion of modern methods of objective appreciation 
is furnished by the electromyographic studies of 
Kugelberg (1948). 

Babinski (1898) and Goldflam (1904) both des- 
cribed the slow nature of the toe sign, but the 
explanation of this slowness as an after-discharge in 
the receptors or in the reflex centre is not satisfactory. 
Kugelberg adds here a new argument that the 
centripetal impulses are conveyed by two groups 
of fibres, the conduction velocity of which is not 
equal; the impulses conveyed in the C fibres reach 
the spinal cord one to two seconds later than those 
in the A fibres; the course of the Babinski sign is 
therefore diphasic. 

This slowness of the reaction is now generally 
considered as a characteristic feature of the toe sign, 
but I do not agree with this opinion. The time 
sequence of the Babinski sign varies according to 
both the type of stimulus and the state of reflex 
excitability. The rapid form of the reaction, which 
appears for instance as a short jerk of the big toe, 
at the end of a stimulation, is not uncommon, and 
cannot be considered the exception. Between the 
slow tonic form and the rapid response may be 
observed various intermediate patterns, so that the 
great variability of the sign must depend on the 
summation of the stimuli applied (Szapiro, 1958). 

The diphasic course of the reflex is dependent, as 
Kugelberg demonstrated, by an interval of one to 
two seconds between the two volleys of impulses 
reaching the spinal cord. Experience teaches us, 
however, that the duration of the motor effect is 
often shorter than the total duration of the two 
phases, including the interval between them. When 
this short type of reaction occurs, it seems probable 
that the impulses reaching the spinal cord in the 
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result of insufficient excitation of the spinal centre 
an adequate summation cannot be reached. 

In August, 1957, I began to elicit .the plantar 
reflex by the following special method. 

Before performing the necessary stimulation | 
place the toes (II to V) of the foot examined ina 











position of plantar flexion and maintain them in this B eff 
position forcibly during the provocation of the & inf 
reflex (Fig. 1). My reasons for this are the fol- & rea 
lowing: (1) In this position movement of the big F Go 
toe is more easily observed. (2) It seems to me §& js 
that this posture would increase the excitability of J sti 
the big toe extensors. ' 
A passive flexion of the toes directly increases the mc 
excitability of their extensors in conformity with the the 
rule of Uexkiill. As the extensors of the toes II to V ap 
and those of the big toe have a common innervation int 
(the deep branch of the peroneal nerve), the increase th 
of the reaction should overlap the two groups of sti 
extensors to include the big toe extensors. 50 
In the normal conditions of examination, the Fp 
m 
in 
ni 
/ 0 


Passive 


Fic. 1.—Method used for eliciting the plantar response. 
stretching of the II-V toe extensors increases the excitability of 
the extensor movement of the hallux. 
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normal plantar reflex consists in plantar flexion of 
all the five toes, therefore, also of the toes II to V. 
The state of passive flexion of the toes II to V, main- 
tained during the stimulation of the sole, decreases 
the excitability of their flexors and increases that of 
their extensors. According to the rule of Uexkiill, 
the stretched muscles contract first, in this case the 
extensors of the toes. The extension of the toes 
il to V, however, is not possible, as they are im- 
mobilized by the examiner’s left hand, so that the 
efficiency of a centrifugal volley exciting the ex- 
tensors of the toes can operate only on the big toe. 
Gonda (1945) and others obtained the extension 
of the big toe following a passive flexion of the 


' toes II to V, i.e., after the proprioceptive stimulus. 


According to Gonda, his sign is positive in the case 


' of a grave pyramidal lesion. One cannot exclude, 
- however, that even in the mild cases a certain effect 


is obtainable, namely a subliminal excitation, in- 
efficient per se but exerting some facilitating 
influence. During my investigations I did not 
realize the resemblance of my method to that of 
Gonda. The special aim of the technique I propose 
is to effect the combination of two long-lasting 
stimuli, one exteroceptive and one proprioceptive. 
The exteroceptive stimulus I applied was com- 
monly one of medium intensity, but an increase of 
the stimulus intensity can lead to: (a) an earlier 
appearance of the reflex, (b) an increase of the 
intensity of the motor effect, (c) the appearance of 
the Babinski sign which was not elicited by a weaker 
stimulus. A strong stimulus, however, may provoke 
some defence reaction which can interfere with the 
proper plantar reflex. The practical value of my 
method depends on obiaining a fuller reflex without 
increasing the intensity of the applied stimulus, 
namely, via an increase of excitability of the extensors 


| of the big toe. 


The intensifying of a motor effect, obtained as a 
result of this method, varies according to type of 
case. In order to explain this fact, a reference to 
Wilder’s law of initial values may be useful. Joseph 
Wilder (1957) stated the existence of “a definite 
relation between the level of the function at the 
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start of the experiment and the outcome of the 
reaction’. The higher the initial level, the weaker 
the answer to the factors strengthening the function; 
the more intensive, on the contrary, is the answer to 
the factors suppressing this function. According to 
Wilder, a particularly high initial value can bring a 
paradoxical reaction and that is why a strong initial 
plantar flexion of the toes II to V may condition 
their tendency to an extension in the plantar reflex 
(see the rule of Uexkiill). With regard to the 
Babinski sign, this means that the factors strengthen- 
ing the motor effect, i.e., the proprioceptive facilita- 
tion, are the more efficient, the lower the level of 
initial value, i.e., the weaker the effect of a simple 
exteroceptive stimulation of the sole. 

The increase in the excitability of the effector 
muscle is, however, artificial and one may ask 
whether it can provoke the appearance of the 
abnormal toe sign when there is a normal pyramidal 
tract. In answer to this question, I have never 
obtained the Babinski sign in cases in which it ought 
not to be expected, for instance in the muscular 
dystrophies and the polyneuritides. The proposed 
method seems to be effective only when spinal reflex 
excitability is pathologically altered. 


Summary 


The nature of Babinski’s sign is discussed and a 
revision is advised of the classical view postulating 
a characteristic slowness of the big toe’s reflex 
extension. . 

A new method is proposed for eliciting the plantar 
reflex which depends on a combination of an 
adequate exteroceptive stimulus along with a 
proprioceptive stimulus which increases the effector’s 
excitability. 
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Queen Square and the National Hospital 1860-1960. 
Foreword by Sir Ernest Gowers. (Pp. x + 112; 
57 figures. 30s.) London: Edward Arnold. 1960. 


“Queen Square”, as we all call the National Hospital 
for Nervous Diseases, has played a remarkable role in 
the development of British Medicine. Special! centres 
are required for exploring new fields, and for the past 
century Queen Square has played a leading part in this 
way and has contributed largely to the advancement of 
neurology throughout the world. 

This tastefully prepared volume will be valued greatly 
by all who appreciate the importance of research on the 
nervous system. The excellent collection of portraits 
and illustrations is specially welcome and most 
appropriate for the centenary celebrations. 

Queen Square continues to provide unique facilities 
for teaching and for treating the sick, but the facilities 
for research are now inadequate and require great ex- 
pansion. Study of the nervous system is assuming 
enormous importance in the modern world, and a large 
part of the British contribution to this work should 
certainly be made in Queen Square. This is an urgent 
problem, the solution of which has been somewhat 
complicated by the advent of the National Health 
Service. However, a solution must be found, and 
quickly, 


Surgery in World War II: Neurosurgery, Volume I. 
Editor-in-Chief: John Boyd Coates; Editors for 
Neurosurgery, R. Glen Spurling and Barnes Woodhall, 
assisted by Elizabeth M. McFetridge. (Pp. xix + 466; 
130 figures. $5.00.) Washington: United States Army 
Medical Service. 1958. 


This book is the first of two volumes on neurosurgery 
prepared by the medical department of the United States 
Army as part of the official history of World War II. 
This first volume deals with head injuries and a second 
volume is due shortly on injuries of the spinal cord and 
of the peripheral nerves. This book was planned and 
written in 1946 and although publication has been 
delayed until now for various reasons, little has been 
lost. The articles, written by a distinguished list of con- 
tributors, are as fresh and as accurate today as they were 
then. That they were written soon after the heat of 
battle with the problems still fresh in the minds of the 
authors is obvious from the text, and in some ways added 
point has been given by inviting attention after this 
interval. 

Neurosurgery in the American Army began in 1942 
with the appointment of Glen Spurling to direct the first 
neurosurgical service and the invitation to bring his own 
instruments; two years later 19 main centres in the 
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United States alone and staffs in the various operationa! 
theatres overseas could be described. Such was the 
expansion, and its administrative problems are here fully 
and frankly set out, the disappointments as well as the 
successes. Civilian neurosurgery at the early period of 
the war was unprepared to meet such a demand fo, 
specialized medical staff. The Army was therefore forced 
to develop a short training programme in neurosurgery 
of six months or so for the young general surgeon. The 
lack of neurologists to work with the neurosurgeons was 
also keenly felt. The section in this book dealing with 
specialist training is important for those responsible for 
teaching and stresses the need to include the essentials of 
the specialist subjects in postgraduate general medical and 
surgical training. 

In the early years the Army neurosurgeons were 
attached to evacuation hospitals and it was not until 1944 
that the U.S. Army developed neurosurgical centres as 
such in the overseas theatres. At the end of hostilities 
Spurling concluded that for the future neurosurgical 
teams should not be assigned to evacuation hospitals but 
be essentially mobile and attached to hospitals for limited 
periods as the necessity arose. It was felt that had this 
been possible, the same work could have been done and 
more effectively with half the neurosurgical personre! 
employed. Such reflections are valuable for the future, 
for, despite the growth of civilian neurosurgery since the 
war, the demands on the civilian side will be as great as 
on the military should a future war develop and it will be 
essential to use highly specialized personnel economically 
and to the best advantage. , 

The latter part of this volume is devoted to clinical 
problems of head injuries. There is an authoritative 
chapter by Donald Matson on the management of missile 
head wounds, and other articles, such as those on post- 
traumatic epilepsy by Earl Walker and blast concussion 
by Fritz Cramer, which reviews very fully the knowledge 
on this subject, testify to the high quality of the con- 
tributions. The book particularly in this section, is 
well illustrated and beautifully produced. 

Many of the American surgeons came to Britain during 
the war and visited our neurological and neurosurgica! 
centres. They joined our discussions and graceful tribute 
is paid here to the value of these contacts. Many new 
friendships were made and others cemented. A homely 
note is struck where Air Vice Marshal C. P. Symonds is 
recorded as having served in the R.A.M.C. 

The initial period of many military campaigns has seen 
a painful relearning of the lessons of the past. This frank 
account of neurosurgery setting out so fully the ad- 
ministrative problems should allow the planners of the 
future to go ahead more rapidly and more surely should 
that unhappy need arise. 
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Einfuhrung in die Stereotaktishen Operationen mit einem 
Atlas des menschlichen Gehirns (Introduction to Stereo- 
taxis with an Atlas of the Human Brain). In three 
volumes. Edited by Georges Schaltenbrand and 
Percival Bailey. (Pp. viii + 493; 230 figures, 76 plates 
f and coloured overlays. $233.35.) Stuttgart: Georg 

Thieme: New York: Grune & Stratton. 1959. 


These three volumes constitute a remarkable pro- 
duction and will be the standard aid to stereotaxic 
surgery for some time, The text, in both German and 
English, is contained in one volume and provides chapters 
on the anatomy, physiology, and electrical activity of the 
deep cell masses and a useful contribution on stereotaxic 
therapy and apparatus. The other volumes are an atlas of 
cerebral sections and histo-anatomical plates of the main 
nuclear masses. The quality of the plates is superb and the 
compilation has clearly demanded devoted and painstak- 
; ingcare. Two of the problems that have exercised stereo- 
taxic theorists are the considerable variation in bony 
landmarks upon which to base reference planes for 
cerebral measurements, and the inherent anatomical 
variation of size of nuclear masses and cerebral ventricles. 
An attempt to deal with bony variations is made in this 
work by utilizing intracerebral reference points for the 
basic cerebral planes. Other workers used orbito-aural 
and inter-aural bony planes as horizontal and frontal 
reference planes, or for the latter a plane through the 
calcified pineal gland or posterior commissure, but the 
variability of these planes is impressive. Talairach 
suggested using the line joining anterior and posterior 
commissures for the horizontal plane and two planes 
at right angles to this at each commissure as frontal 
planes. These authors have adopted the inter-com- 
missural line for the horizontal plane, and for the frontal 
sections a plane at right angles to this through the mid- 
commissural point. The mid-saggital plane provides the 
median reference as always. It is claimed that this 
provides the least variable reference planes. To deal 
with the variability of size of the nuclear masses and 
| ventricles, transparencies showing variations are pro- 
vided to overlay the plates of the cerebral sections. Care 
» has been taken to avoid shrinkage and distortion of the 
lll brains used to prepare the atlas and many of the 
sections are enlarged twice or four times normal size. 
On all of the sections the reference planes are clearly 
shown and the atlas is pleasantly simple to use. A good 
deal of authropometric information and data is included 
which may be useful. Minor criticisms would be that 
the text volume is unwieldy to use and some of the text 
is difficult to follow. It is interesting to note in view of 


» Tecent trends in the treatment of Parkinsonism that 


Hasslet does not find bilateral thalamic and pallidal 
destruction justifiable because of consequent mental 
impairment. Cooper’s work receives but scanty dis- 
cussion. Nevertheless these volumes will be indispensable 
_ toworkers in this field. 


Intracranial Calcification. By Fermo Mascherpa and 
_ Vincenzo Valentino. (Pp. xxi + 150; 98 figures. 72s.) 
Oxfo-d: Blackwell Scientific Publications; Springfield, 
Illinc is: Charles C. Thomas. 1959. 
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This little book of some 140 pages covers the subject 
fairly fully. The text is divided into non-pathological 
calcification, pathological non-tumerous calcification, 
and tumerous calcification. Generally speaking the 
descriptions are sound and the references adequate but 
not extensive. The radiographs (about 100) are of good 
quality but they are positive prints, but a disturbing 
feature is the lack of pathological confirmation in the 
majority of the cases. On the other hand a few radio- 
graphs are shown with the caption “non-verified”, and 
this would imply that the others are verified. It is un- 
fortunate that there is no statement giving confirmation, 
since it is well known that it is difficult and often im- 
possible to make a pathological diagnosis on an intra- 
cerebral radiographic shadow. For this reason one 
hesitates to recommend the work wholeheartedly to 
those inexperienced in this field. 


Chemical and Molecular Basis of Nerve Activity. By 
David Nachmansohn. (Pp. xi-+ 235; 61 figures. 
$7.50.) New York: Academic Press. 1959. 


The author’s conviction of the role of acetylcholine in 
transmission along nerve fibres is already well known, 
and this is a beautifully written account of his own 
experiments and ideas as well as an excellent review of 
the work of others. It covers a wide range of subjects 
under the general heading of nerve activity and each is 
treated with equal lucidity and fairness. Nachmansohn 
is not afraid to state the difficulties of any particular 
theory nor to gloss over an existing problem. 

The illustrations everywhere are clear and well 
described, but it is regretted that the titles of references 
are omitted as this reduces their utility to the reader. 


Neuro-Psychopharmacology. Proceedings of the First 
International Congress of Neuro-Psychopharmacology, 
Rome 1958. Edited by P. B. Bradley, P. Deniker,and 
C. Radouco-Thomas (Pp. xv + 727; illustrated. £6 15s.) 


Amsterdam-New York-Princeton: Elsevier Publishing 
Company (London: D. Van Nostrand). 1959. 


This volume displays the advantages and disadvantages 
of such congresses. The symposia and plenary sessions 
record reviews of the present state of knowledge in various 
branches of clinical and experimental work on the sub- 
ject, with discussion by leading workers in the relevant 
fields. The subjects discussed are the effect of drugs on 
behaviour in animals and on mental states in man, both 
in the production of abnormal states and in the treatment 
of abnormal states. 

The major part of the volume consists of 133 short 
original papers describing recent investigations. These 
vary widely in quality and many of them would probably 
not be accepted for publication in journals. Their 
approach to the problems varies widely too, but it would 
be rash to disparage unusual approaches in a field where 
so little is firmly established. The reviewer hopes that 
there will be more work in the future of the type 
exemplified by Pare and Sandler’s clinical and bio- 
chemical study of a trial of iproniazid in the treatment 
of depression (published more fully in this journal 1959, 
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22, 247), for further advances will surely come from a 
closer correlation between clinical observations on the 
one hand, and electrophysiological and biochemical 
findings on the other hand. 


The Henderson Trust Lectures: Cerebral Dominance 
and Its Relation to Psychological Function. By O. L. 
Zangwill. (Pp. 31; 7 figures, 7 tables. 10s. 6d.) 
Edinburgh: Oliver and Boyd. 1960. 


In this lecture Professor Zangwill gives a lucid account 
of current knowledge regarding cerebral dominance and 
handedness. His own contributions to this subject have 
shown that left-handers often lack a fully dominant 
hemisphere. He puts forward the interesting observation 
that left-handers may be handicapped by having a 
“cerebral ambilaterality’’, and this may result in educa- 
tional difficulties and a certain vulnerability to stress. 


Mental Illness in London. By Vera Norris. (Pp. 317; 
11 figures. 35s.) London: Chapman and Hall. 1959. 


This book, which is the sixth of the Maudsley mono- 
graphs, maintains the standard of its predecessors. 

The object of the study was to describe the population 
admitted to two observation wards and three mental 
hospitals in the London area during the period 1947-1949. 
Case summaries were made for all patients admitted and 
they were followed up as far as possible until Decem- 
ber 31, 1951. The methods used in the survey and the 
results are described in detail and though few of these 
results are surprising, this careful study gives a factual 
basis to much which has hitherto been impressionistic. 

One result of the survey was to demonstrate the alarm- 
ing picture of increasing overcrowding which existed then 
in mental hospitals and the apparent urgent need for 
more hospital beds. This conclusion was based on the 
presuppositions that treatment and psychiatrists’ attitudes 
would not change materially. In fact there have been 
tremendous and unforeseeable advances in treatment, 
and psychiatrists are coming to realize that a patient 
should not be kept in hospital for longer than is abso- 
lutely necessary. Probably the only reason now prevent- 
ing many patients being discharged from hospital is the 
deplorable lack of adequate facilities for treating them as 
out-patients and it is to this rather than providing more 
beds that attention should be directed. 

Although one may criticize the conclusions of the book 
in this way, it remains a wealth of valuable information. 
It is to be hoped that a similar study covering a more 
recent period will become available in due course for 
comparison with the results presented in this volume. 


Nurse-Patient Relationships in Psychiatry, 2nd ed. By 
Helen Willis Render and M. Olga Weiss. (Pp. vii + 312. 
46s.) New York-London-Toronto: McGraw-Hill. 
1959. 


The majority of text books of psychiatry for nurses 
deal mainly with symptoms and treatments of various 
mental disorders. This book, as the title implies, deals 
specifically with what others often neglect, namely, the 
nurse-patient relationship. Though the authors are 
somewhat prolix the advice given is generally sound. 
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The handling of all patients, but especially the mentally 
ill, depends not only on technical skill, but also upon an 
intuitive sympathy. For those nurses who lack this, this 
book will do as much as any book can towards remedying 
the deficit. It is unfortunate that it is so expensive 


The Natural History of Cerebral Palsy. By Bronson 
Crothers and Richmond S. Paine. (Pp. xi +. 299: 
65 figures. 32s. 6d.) London: Oxford University Press, 
1960. 


This is a most sensible book written by critically 
minded specialists. It contains a great deal of informa- 
tion which is of value to the neurologist who sees cases 
of cerebral palsy. There is much criticism of the rather 
emotionally tinged types of therapy. Thus the child 
attending a cerebral palsy clinic may be subjected to 
study by a large number of specialists most of whom have 
different ideas regarding treatment. The authors found 
it impossible to appraise the value of various types of 
treatment in their own series. The aim of treatment 
should be the achievement of the greatest possible degree 
of independence. Stereotyped forms of physiotherapy 
may be inappropriate and discouraging to many types 
of case. 


Experimental Studies of the Mode of Action of Electro- 
convulsive Therapy. {Acta psychiat. scand. Suppl. 145, 
Vol. 35}. Edited by Jan-Otto Ottoson. (Pp. 141; 
illustrated.) Copenhagen: Ejnar Munksgaard. 1960. 


This monograph studies the therapeutic effects of 
electroconvulsive therapy on depression and the side- 
effects of the treatment, such as memory impairment. 
By modifying the convulsive effect by drugs and by 
varying the intensity of stimulus used, the author con- 
cludes that the therapeutic effect and the side effects act 
through different cerebral mechanisms. This may have 
important clinical applications. 


Medical Aspects of Amateur Boxing. 
London Amateur Boxing Association. 
London. 1959. 


This booklet is written by a number of doctors in a 
variety of specialities and is issued by the London 
Amateur Boxing Association. The neurological aspects 
are dealt with particularly by Dr. J. L. Blonstein and Dr. 
Edwin Clarke. A principal object for those advising 
boxing associations is to prevent serious consequences 
resulting from the inevitable head blows by eliminating 
from boxing those who are liable to severe complica- 
tions. Care is taken that only fit men box and that con- 
testants are evenly matched for age and experience, but 
neither clinical examination, skull radiography, nor 
E.E.G. are much help in detecting those specially sus- 
ceptible to serious injury. Detailed advice is given to 
medical officers in deciding how long an injured boxer 
should be put off boxing. The authors believe that 
amateur boxing is safe compared with other sports, but 
they are at pains to point out that in control and super- 
vision and therefore presumably in safety there is a vast 
difference between amateur and professional boxing. 


Issued by the 
(Pp. 63; 2s. 6d.) 
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Books Received 


(Review in a later issue is not precluded by notice here of books 
recently received.) 


Maternal Disorders Related to Fetal Stress, Perinatal 
Death and Congenital Defects: Selected References 
1952-58. (15 cents.) Washington, D.C.: U.S. Depart- 
ment of Health, Education and Welfare. 1959. 


Molecules and Mental Health. Edited by F. A. Gibbs. 
(Pp. 189; illustrated. 40s.) London: Pitman Medical 
Publishing Co. 1959. 

Bird-Headed Dwarfs: Studies in Developmental Anthro- 
(Pp. viii + 241; 
s.Fr. Basel and New York: S. 
1960. 


Institutional Neurosis. By Russell Barton. 
Bristol: John Wright. 1959. 


International Review of Neurobiology, Vol. 1. Edited 
by Carl C. Pfeiffer and John R. Smythies. (Pp. xii + 
383; illustrated. $10.00.) New York and London: 
Academic Press. 1959. 


Mental Health Problems of Automation. Report of a 
Study Group. [Wld Hith Org. techn. Rep. Ser. 183.] 
(Pp. 30. Is. 9d.) London: H.M.S.O.; Geneva: 
World Health Organization. 1959. 


The Central Nervous System and Behaviour. Transac- 
tions of the Second Conference, February 22, 23, 24, 
and 25, 1959. Edited by Mary A. B. Brazier. (Pp. 358; 
88 figures. $4.75.) New York: Josiah Macy, Jr. 
Foundation Publications. 1959. 


Proceedings of the First International Congress of 
Neurological Sciences, Brussels, Vol. V: Joint Meetings 
and Round Table Conference. Edited by L. van Bogaert 
and J. Radermecker. (Pp. 219; illustrated. 70s.) 
London—New York—Paris—Los Angeles: Pergamon 


54.-.) 


(Pp. 55. 


Press. 1959, 

The Essentials of Perimetry. By Howard Reed. 
(Pp. xi + 192; 167 figures. 45s.) London: Oxford 
University Press. 1960. 


Die Atiologische und Pathogenetische Bedeutung nicht- 
endogener Faktoren fiir die Schizophrenie. By O. 
Schrappe; Foreword by H. Biirger-Prinz. (Pp. viii + 
82; 4 figures. DM 18.-.) Stuttgart: Georg Thieme. 
1959. 


Biochemical Aspects of Neurological Disorder. By 
John N. Cumings and Michael Kremer. (Pp. x + 230; 
illustrated. 37s. 6d.) Oxford: Blackwell Scientific 
Publications. 1959. 


Paediatric Neurosurgery. By Ira J. Jackson and 
Raymond K. Thompson. (Pp. xvi + 564; illustrated. 
£6 Ss.) Oxford: Blackwell Scientific Publications. 
1959. 


Insulin Treatment in Psychiatry. Edited by Max 
Rinkel and Harold E. Himwich. (Pp. x + 386; illus- 
trated. 35s.) London: Peter Owen. 1960. 


Chemical Concepts of Psychosis. Edited by Max 
Rinkel in collaboration with Herman C. B. Denber. 
(Pp. xxi+ 485; illustrated. 63s.) London: Peter 
Owen. 1960. 
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Psychoanalysis and Psychotherapy. Selected Papers of 


Frieda Fromm-Reichmann, edited by Dexter M. 
Bullard. (Pp. xiv + 350. 56s. 6d.) London: Cam- 
bridge University Press. 1959. 


L’Anevrysme de L’Artére Communicante Antérieure. 
By H. Krayenbuhl assisted by B. Hanhart, E. Leine, 
G. Lazorthes, V. Logue, E. Uehlinger, G. Weber, and 
M. G. Yasargil. (Pp. 189; 65 figures. Fr. frs. 3,500.-.) 
Paris: Masson et Cie. 1959. 

Chirurgie du Rachis. By André Sicard. (Pp. iv + 483; 
166 figures. Fr. frs. 7,000.-.) Paris: Massonet Cie. 1959. 


Der Liquor Cerebrospinalis im Kindesalter. By H. 
Schonenberg. (Pp. viii + 190; 41 figures. DM 29.-.) 
Stuttgart: Georg Thieme. 1960. 

Atlas der Pneumoenzephalographie bei Hirntumoren. 
By Rudolf Lemke. (Pp. xi + 342; _ illustrated. 
DM 79.-.) Berlin: VEB Verlag Volk und Gesundheit. 
1959. 

American Handbook of Psychiatry, Vols. 1 and II. 
Edited by Silvano Arieti. (Pp. 2098; illustrated. 
£10 the set.) London: The Mayflower Publishing Co. 
1959. 

Postvaccinal Perivenous Encephalitis. 
Vries. (Pp. vii + 181; 23 figures. 
D. Van Nostrand. 1960. 


Approches Pathogéniques des Troubles Mentaux. By 


By Ernst de 
38s.) London: 


Paul Cossa. (Pp. 156. NF. 16.00.) Paris: Masson et 
Cie. 1959. 

La Fatigue: Physiologie-Psychologie et Médecine 
Sociale. By Pierre Bugard. (Pp. 308; 33 figures. 


NF. 32.00.) Paris: Masson et Cie. 1960. 


Heilpadagogische Psychologie, Vol. I: Grundatsachen 
einer allge meinen padagogischen Psychologie. By Paul 
Moor. (Pp. 324; 17 tables. DM 32.80.) Berne: Hans 


Huber. 1960. 
Design for a Brain, 2nd ed. revised. By W. Ross 
Ashby. (Pp. ix + 286; 22 figures. 42s.) London: 


Chapman & Hall. 1960. 


The Registrar General’s Statistical Review of England 
and Wales for the Three Years 1954-1956. Supplement 
on Mental Health. (Pp. 198.) London: H.M.S.O. 
1960. 


Psychiatric Services and Architecture [Wid Hlth Org. 
Publ. Hith Papers No. 1}. By A. Baker, R. L. Davies, 
and P. Sivadon. (Pp. 59; 8 figures. 2s. 6d.) London: 
H.M.S.O.; Geneva: World Health Organization. 1959. 


Epidemiological Methods in the Study of Mental 
Disorders [Wid Hlth Org. Publ. Hlth Papers No. 2). By 
D. D. Reid. (Pp. 79. 5s.) London: H.M.S.O.; 
Geneva: World Health Organization. 1960. 


The Discovery of Reflexes. By E. G. T. Liddell. 
(Pp. viii + 174; 23 figures. 30s.) London: Oxford 
University Press. 1960. 


Surgery in World War II: Neurosurgery, Vol. II. 
Prepared and published under the direction of Major 
General S. B. Hays; Editor-in-Chief: John Boyd Coates, 
Jr. (Pp. xxvi + 705; 283 figures. $7.00) Washington, 
D.C.: U.S. Army Medical Service. 1958. 
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Le Cortex Cérébral: Etude Neuro-Psycho-Patho- 
logique, 2nd ed. entirely revised. By J. de Ajuriaguerra 


and H. Hécaen. (Pp. 458; 58 figures. NF. 46.00.) 
Paris: Masson et Cie. 1960. 

Les Grandes Activités du Lobe Occipital. Edited by 
Th. Alajouanine. (Pp. 362; 87 figures. NF. 34.00.) 
Paris: Masson et Cie. 1960. 

Actualités Neurophysiologiques, Ist series. Edited by 
A-M. Monnier. (Pp. 276; 180 figures. NF. 42.00.) 
Paris: Masson et Cie. 1959. 


Exploration du Cerveau Humain par Eléctrodes Pro- 
fondes. By Michel Ribstein; Foreword by A. Earl 
Walker. (Pp. 130; 46 figures. NF. 30.-.) Paris: 
Masson et Cie. 1960. 

Epidemiology of Mental Disorders [Wid Hlth Org. 
techn. Rep. Ser. 185.] (Pp. 29. 1s. 9d.) London: 
H.M.S.O.; Geneva: World Health Organization. 1960. 

The Integrity of the Personality. By Anthony Storr. 
(Pp. ix + 174. 15s.) London: Heinemann. 1960. 

Inheritance of Glioma. By H. J. van der Wiel- 
(Pp. 275. 63s.) London: D. Van Nostrand. 1960. 
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NERVE FIBRE DEGENERATION IN THE BRAIN IN 
AMYOTROPHIC LATERAL SCL®ROSIS 


BY 


MARION C. SMITH 


From the Neurological Unit of the Medical Research Council, National Hospital for Diszases of the 
Nervous System, Queen Square, London 


The purpose of this paper is to report briefly some 
findings concerning the distribution of degenerating 
myelinated nerve fibres in the brains of patients who 


- had amyotrophic lateral sclerosis. It is not intended 


to report in detail the distribution of degenerating 
fibres throughout the central nervous system in this 
condition, nor to review the lengthy literature con- 
cerning it. In order to establish that the patients did 
in fact suffer from amyotrophic lateral sclerosis a 
few sections from the spinal cord and brain-stem 
showing the classical picture of the condition are 
included. Further, these sections are used to 
validate the staining methods used in the brain 


» sections. 


The customary concept of amyotrophic lateral 
sclerosis is of a degenerative process affecting mainly 
the motor neurones of the central nervous system. 
The lower motor neurones in the spinal cord are 
usually affected and, to a variable extent, those of 
the cranial nerves. The upper motor neurones in 
the hemispheres may also be affected. In the spinal 
cord the typical fibre picture is of degeneration of 
cortico-spinal fibres; there is sometimes also de- 
generation of spino-cerebellar and other anterior 
and lateral column fibres. 

Cases have been described in which degeneration 
was found to extend throughout the entire cortico- 
spinal system, from the motor cortex through the 
cerebral peduncle, pons, medulla, and cord. But it is 
more frequently stated that the degeneration in the 
cortico-spinal tract is, in most cases, limited to the 
distal part of the fibres, and that it often cannot be 
traced further rostrally than the medulla or pons. 
This was the experience of Davison, who reported 
in 1941 (a and b) that in the 37 cases which he had 
studied he could not find any degeneration above the 
medulla in 16 cases, nor above the peduncle in 
25 cases. On the other hand, Holmes had found 
degeneration throughout the cortico-spinal system, 
from cortex to cord inclusively, in all 10 of the 10 
cases he reported in 1909. Later workers have 


tended to neglect both his work and the methods he 
used. 

Apart from the degeneration in the cortex, a 
little degeneration has been occasionally noted in 
other parts of the brain. Holmes found a few fibres 
passing between the main mass of degenerating 
cortico-spinal fibres in the internal capsule and the 
lateral nucleus of the thalamus. These degenerating 
fibres were observed in three of the 10 cases he 
studied. Other workers do not seem to have con- 
firmed this finding. A very few degenerating fibres 
have also been occasionally seen in the brain-stem. 
These observations have never been adequately illus- 
trated nor confirmed; nor have they been generally 
accepted. 


Material and Methods 


The material consists of the central nervous system 
from seven patients who were diagnosed as suffering 
from amyotrophic lateral sclerosis. 

In the first three cases representative blocks from 
different regions of the brain and cord were examined. 
In the last four cases a larg2 series of blocks was taken 
from the hemispheres. As the first three cases had 
revealed a wide distribution of degenerating fibres in the 
cortex it was planned to examine the gyri in subsequent 
cases with particular reference to their relationship to 
the motor cortex. After fixation of the brain the pia 
arachnoid membrane was removed, the precentral gyrus 
and paracentral lobule were identified, and the surface 
of these gyri painted with Indian ink. The hemispheres 
were then sliced and photographed. These photographs 
with the black outline of the so-called motor cortex have 
greatly helped in precisely localizing the degeneration 
in the stained sections. 

Many of the blocks were prepared by the Marchi 
method. Celloidin sections were also prepared and 
stained by thionin, by haematoxylin and van Gieson’s 
method, by Loyez’ method and by the Weigert-Pal 
method. Frozen sections were stained by the Sharlach 
R method. A few sections were also stained by other 
methods as required. 


269 





















































270 


MARION 


Results 

General Pattern of Degeneration in Cord and 
Lower Brain-stem.—The seven cases all came to 
necropsy diagnosed as amyotrophic lateral sclerosis. 
In all of them, the distribution of degeneration in the 
spinal cord was that which enables the pathologist 
to confirm the clinical diagnosis. 

Fig. 1 comprises a series of transverse sections, 
stained by the Marchi method, taken through the 
spinal cord and brain-stem of Case 7. There is vivid 
black staining of the cortico-spinal tracts at all levels. 
Figs. 2A and B are sections from the same case, 
stained by the Marchi and Weigert-Pal methods, 
respectively. In the Marchi preparation many of 
the myelinated fibres are in a state of active de- 
generation, as shown by the black staining. In the 
Weigert-Pal preparation there is pallor of the 
cortico-spinal tract indicating actual loss of myel- 
inated fibres. The distribution of the region of 
degeneration is the same in the two sections. 

Figs. 3A and B are sections from Case 7, stained 
by the Marchi and Loyez’ methods, respectively. 
In this case the Marchi section is much more in- 
formative than the Loyez. In the Loyez section 
there is generalized pallor in the lateral and anterior 
columns, rather more marked in the anterior cortico- 
spinal tract on one side. In the Marchi section there 
is intense degeneration in the lateral cortico-spinal 
tracts and also in the anterior tract. There is also 
definite degeneration in the rest of the lateral and 
anterior columns, in the anterior horns and anterior 
commissure. 

In six of the seven cases there is clear evidence of 
active degeneration of nerve fibres in the spinal cord. 
In the seventh case the length of history was ex- 
ceptionally long (12 years) and the distal part of the 
cortico-spinal tracts is almost completely de- 
generated; there is little active degeneration to be 
seen in the cord or lower brain-stem, although there 
is in the cerebral hemispheres. 

The next few sections illustrate the value of the 
Marchi method in demonstrating the presence of 
degenerating fibres, not only in the cortico-spinal 
tracts, but in regions where the degeneration is less 
intense. 

In the section shown in Fig. 4 (Case 1) there is 
marked degeneration in the pyramid; there is also 
degeneration in the hypoglossal nerve, the medial 
longitudinal fasciculus, and the predorsal fasciculus. 
There is scattered degeneration in the reticular 
formation, which is not seen clearly at this 
magnification. 

In the section shown in Fig. 5 (Case 7) which is 
the nucleus of the seventh cranial nerve, fibres and 
nerve cells are both seen to be degenerating. 

The section in Fig. 6 (Case 7) shows degenerating 
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fibres in the superior coliiculus—in the 
album profundum, and in the tegmentum. 

The sections shown so far demonstrate the typica| 
picture of fibre degeneration in amyotrophic latera| 
sclerosis. Also, they demonstrate the value of Marchi 
preparations in this kind of material, for it is clearly 
very much easier to recognize degeneration when 
the products of degeneration are stained rather than 
to recognize degeneration by the absence of fibres, 
as in Weigert-Pal or Loyez preparations. Sections 
in which degeneration of fibres is shown by lack of 
staining are adequate to demonstrate marked los; 
of fibres in a well-defined tract, but are unsatisfactory 
to demonstrate a less extensive loss of fibres in a 
tract, especially when the tract is intermingled with 
fibres of other tracts. It has frequently been noted 
that it is less easy to identify degeneration in the 
cortico-spinal fibres in the brain-stem than in the cord 
in normal myelin preparations. This may be partly 
due to the frequent, but not invariable, finding that 
most of the fibres in the caudal part of the internal 
capsule and further distally are at a more advanced 
stage of degeneration than those seen at more rostral 
levels. This demonstrated in Fig. 7. In the caudal 
part of the capsule (Fig. 7A) the degeneration 
material is almost all in compound granular cor- 
puscles, in the rostral part (Fig. 7B) it is partly in 
corpuscles and partly in degenerating nerve fibres, 
and in the corona radiata (Fig. 7C) it is almost all at 
the stage of degenerating fibres. When fibres are 
at an early stage of degeneration this is not revealed 
by Weigert-Pal or comparable stains. 


tratum 


Degeneration in Cerebral Hemispheres.— Figs. 9-16 
are taken from a coronal series (Case 5) passing 
from a plane anterior to the precentral gyrus to a 
plane posterior to it. The precentral gyrus and 
paracentral lobule are indicated by heavy outlining. 

A large number of degenerating fibres can be seen 
to pass to or from the precentral gyrus and para- 
central lobule (Figs. 9 and 12). But the degenerating 
fibres are not confined to these “‘motor” gyri. Many 
degenerating fibres pass into the post-central gyrus 
(Figs. 1OA-C). The fibres are particularly numerous 
in the more anterior part of the gyrus. A smaller 
proportion go to the posterior part of the post- 
central gyrus and the adjacent parietal gyri (Figs. 
10 and 15). In more anterior sections, degenerating 
fibres can be seen to pass into the frontal gyri 
(Figs. 13 and 14), lying adjacent to the pre-central 
gyrus. In all the affected gyri the fibres are most 
abundant in the parts nearest to the superior surface 
of the hemisphere. A few degenerating fibres are 
also present in the upper part of the cingulate gyrus 
and a very few in the temporal gyri. Most of the 
degenerating fibres can be seen to run between the 
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Fig. 2B 
Fic. 2 (Case 7).—Cervical cord. A. Marchi preparation 8. 


by black staining in A, and by pallor in B. 


Fic. 3 (Case 7).—Cervical cord. A. Marchi preparation ~ 8. 


B. Weigert-Pal preparation * 8. 
Distribution of degenerating fibres is similar in the two sections, being most marked in the corticospinal tracts. 


It is shown 


B. Loyez preparation 8. 


Distribution of degenerating fibres is more easily determined in A, in which they are stained black, than in B, where pallor 


indicates loss of fibres. 
columns, in the anterior horns and anterior commissure. 


deeper regions of the corona radiata and the cortex 
of the gyri. A few fibres run round the base of the 
sulci between neighbouring gyri. These can.be seen 
in Figs. 9 and 14. These may be collaterals of main 
fibres, or they may be U fibres. 

Many degenerating fibres are present in the corpus 
callosum. These are most abundant in the middle 
part (Fig. 11), but they occur also in considerable 
numbers in the posterior part (Fig. 16) and, to a 
lesser extent, in the anterior part. It has not been 
possible, so far, to determine what proportion of the 
degenerating fibres from any one gyrus passes into 
the corpus callosum, and what proportion passes 
into the deeper parts of the white matter. The 


In A, there is degeneration in the corticospinal tracts, in the ? intrinsic fibres of the anterior and lateral 


majority of the fibres undoubtedly enter that part of 
the internal capsule usually considered to contain 
cortico-spinal fibres. 

The main distribution of the degenerating fibres 
in the cortical gyri in this case is shown dia- 


grammatically in Fig. 17. The distribution is 
similar in the other six cases, although the number 
of fibres varies from case to case. 

It seems reasonable to conclude that myelinated 
fibres occupying the spino-cortical region of the 
internal capsule come from, or go to, at least part 
of the frontal, precentral, paracentral, post-central, 
and parietal cortex. Many of the fibres appear to 
continue into the spinal cord. 





Fig. 4 


Fic. 4 (Case 1).—Marchi preparation of medulla, showing degeneration in pyramid, medial longitudinal fasciculus, pre-dorsal fasciculus, 
and N.XII. There are also degenerating fibres in the reticular formation, not seen clearly at this magnification. x 15. 


Fic. 5 (Case 7).—Marchi preparation of pons, showing degeneration in nucleus of N.VII; cells and fibres are both affected. x 29. 


Fic. 7 (Case 2).—Marchi preparation showing different stages of myelin degeneration at three levels of corticospinal tract in the same case. 
A. Caudal end of internal capsule; degeneration material mainly in compound granular corpuscles. x 30. 
B. Rostral end of internal capsule; degeneration material partly in compound granular corpuscles and partly in disrupting myelin 
sheath stage. x 30. 
C. Corona radiata; degeneration material almost entirely in disrupting myelin sheath stage. x 30. 
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Fic. 6 (Case 7).—Marchi preparation of superior colliculus (Case 7) showing degenerating * 
fibres in the colliculus, in the stratum album profundum, and in fibres in the 
tegmentum (? efferent collicular fibres). < 14. 









Fig. 8A 





Fic. 8 (Case 2).—Marchi preparation of 
internal capsule and thalamus show- 
ing degenerating fibres passing be- 
tween the capsule and the lateral 
nucleus of the thalamus. x 24. 





Fig. 10A 
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9-16 (Case 5).—Marchi preparation from the cerebral hemisphere showing distribution of degenerating fibres. The pre-central 
gyrus and paracentral lobule are heavily outlined in the key diagrams. 
9.—Pre-central gyrus and paracentral lobule. x 7. Fic. 10.—Post-central gyrus. A x 7; B x 20; C x 130. 
Fic. 11.—Central part of corpus callosum. x 7. 
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12.—Cortex of pre-central gyrus. 


Fic. 14.—Superior frontal gyrus. 


Fic. 





Fic. 17 (Case 5).—Series of diagrams of coronal sections showing distribution of the degenerating fibres. 
central gyrus and paracentral lobule are heavily outlined. 
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Fic. 18 A-D. (Case 3).—Marchi preparation of horizontal section through internal capsule and basal ganglia. There is a concentrated group 
of ? cortico-spinal degenerating fibres in the capsule. Numerous degenerating fibres are also in the globus pallidus, the ansa lenticularis, 
the fasciculus lenticularis, and H,. A few fibres, H,, pass from H, into the thalamus. A x 2; B x 7; CandD ~ 16. 
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Degeneration in Thalamus, Basal Ganglia, and 
Peduncular Nuclei.—The next observation to be 
considered is the presence of degenerating fibres in 
other parts of the cerebral hemispheres. 

In all the cases degenerating fibres run between 
the main mass of degenerating fibres in the internal 
capsule and the lateral nucleus of the thalamus 
(Fig. 8, Case 2). 

Degenerating fibres are present in the basal 
ganglia in four of the cases. In the other three cases 
this region was not examined until after prolonged 
fixation, and the absence of degenerating fibres in 
the Marchi preparations in these cases may be due to 
this factor only (Smith, 1956). 

The degenerating fibres are mainly in the globus 
pallidus, and in the ansa lenticularis and fasciculus 
lenticularis. (These terms are used in the same sense 
as by Papez, 1942.) In horizontal sections through 
the lentiform nucleus, internal capsule and thalamus, 
the degenerating fibres can be seen in the bundles 
which compose the fasciculus lenticularis, passing 
through the internal capsule, and in the ansa 
lenticularis, as it passes round the anterior part of 
the posterior limb of the capsule (Fig. 18, Case 3). 
The fibres of the two groups can be traced in 
adjoining sections until they- unite forming the 
bundle Hy. The fibres of H, can be traced towards the 
pre-rubral field (Forel’s field H). From H, a number 
of fibres, H,, go to the ventrolateral nucleus of the 
thalamus, and a few fibres go to the hypothalamus. 
Some of the fibres perforating the internal capsule 
pass into the capsule of the subthalamic nucleus and 
a number of degenerating fibres are scattered 
through this nucleus. 

In three of the cases a few degenerating fibres are 
present in the substantia nigra. 

As mentioned earlier, degenerating fibres are 
scattered about in the reticular substance of the 
mid-brain, pons, and medulla. In the mid-brain 
there are, in all cases, degenerating fibres in the 
group round the aqueduct and in the superior 
colliculi. It is possible that there is some connexion 
between some of these degenerating fibres and the 
groups of degenerating fibres in the basal ganglia. 
But precisely which fibres are degenerated, and their 
course and connexions have not been worked out yet. 

In all regions in which degenerating fibres have 
been described in Marchi preparations, Sharlach R 
preparations have shown the presence of fat, 
although in far less abundance than the degeneration 
products demonstrated by the Marchi method; and 
in some of the regions there has been distinct gliosis. 


Discussion 
A point which seems of interest is that in all the 
seven cases of amyotrophic lateral sclerosis which 
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were examined there was clear and abundant de. 
generation in the cortico-spinal tracts at all levels 
from cortex throughout the brain-stem and cord. 
This is in accordance with the findings of Holme 
(1909) in all of his 10 cases. But the amount of 
degeneration was much more abundant in severa| 
of the cases here than that described by Holmes, 
and, as discussed below, it was much more ex. 
tensive. In looking for degeneration in these brains 
the need for using stains which demonstrate fibres 
in a state of active degeneration cannot be stressed 
too strongly. It is relevant that Swank and Putnam 
(1943) found, from doing fibre counts, that in the 
anterior nerve roots of patients with amyotrophic 
lateral sclerosis, up to 50% of the larger fibres may 
be lost before ordinary microscopic methods reveal 
any defect, and they thought that this is true for 
cortico-spinal fibres also. Their work shows the 
difficulty in recognizing the loss of even considerable 
numbers of fibres from tracts, by means of staining 
the healthy fibres. 

Most workers who studied the distribution of 
pathological changes in the cerebral cortex in this 
condition were concerned with changes in cortical 
neurones. Some workers have found the changes 
to be more extensive in distribution than the so- 
called motor cortex. The changes which Davison 
(1941 a and b) found in the cortex of some of his 
cases affected not only the motor cortex, but the 
frontal, pre-motor, and opercular areas also. This 
was confirmed in these same cases by Friedman and 
Freedman (1950). Holmes (1909), on the other 
hand, found the changes to be limited to the pre- 
central gyrus and paracentral lobule, and to the part 
of the post-central gyrus that forms the posterior 
wall of the fissure of Rolando; the rest of the cortex 
was invariably free from degeneration. It is of 
interest that the area in which Holmes found changes 
is coextensive with the area which he and May 
(1909) established as being the site of origin of 
cortico-spinal fibres. 

Some later workers have shown in monkeys that 
cortico-spinal fibres arise from a considerably more 
extensive region of the cortex than the classical 
motor strip, although there is no general agreement 
about the origin of the fibres. Fibres have been 
described as arising from that part of the frontal 
lobe immediately anterior to the pre-central gyrus 
(Minkowski, 1923, 1924 a and b; Uesugi, 1937), and 
from the post-central gyrus (Levin and Bradford, 
1938) and from the adjacent part of the parietal 
cortex also (Peele, 1942, 1944). These findings in 
monkeys give support to the view that the bulk of 
the degenerating fibres seen in the subcortical white 
matter, in the present series of cases, belong to the 
cortico-spinal system. 









































The presence of degenerating fibres in the thalamus 
was noted by Holmes (1909) in three out of his 10 
cases. It is present in all seven of this series. It 
gems likely that degeneration in fibres passing into 
or out of the thalamus could be demonstrated in 
most cases of amyotrophic lateral sclerosis if the 
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Imes, appropriate stains were used. It is‘not possible at 
> OX- present to say whether these are corticopetal or 
rains corticofugal fibres, or to determine with which 
bres region of the cortex they are connected. 





Sed In the four cases examined soon after fixation 







nam — there was definite degeneration in the ansa lenti- 
the cularis and fasciculus lenticularis. It is possible that 
Phic degeneration would have been revealed in the other 
may three cases had they been examined under optimal 





veal Degeneration in the basal ganglia has 


conditions. 






for seldom been described in cases definitely shown to 
the be amyotrophic lateral sclerosis, although Bertrand 
‘ble and van Bogaert (1925) did find some pallor in the 
ing fibres of the ansa lenticularis in some of their 





cases. 



















of It was impossible to trace completely the course 
his of the degenerating fibres from, or to, the basal 
cal ganglia, the substantia nigra, tegmentum and 
3eS colliculi, but the course of many of the ansa and 
10- fasciculus lenticularis fibres could be followed. If 
on degeneration occurs as frequently in the basal 
ris ganglia and peduncular nuclei as would appear from 
he the findings in these cases, then detailed studies 
is made on material from patients with amyotrophic 
id lateral sclerosis may yield valuable information 
or about anatomical relationships in the human brain. 
e It is not possible in the material examined so far 
rt to say precisely in which nuclei the degenerating 
i fibres take origin and terminate. But in view of the 
x distribution of the fibres in the ansa lenticularis, the 
f fasciculus lenticularis, the field of Forel, the thalamus 
S and hypothalamus, it is most probable that many 
y arise in the globus pallidus, for there is good 
f evidence that the efferent pallidal fibres are dis- 





tributed to these regions (Papez, 1942). If this is 
indeed so, the involvement of the globus pallidus 
may contribute to the severity of the muscle paralysis 
in amyotrophic lateral sclerosis, for Whittier and 
Mettler (1949) found in monkeys that paresis 
resulting from damage to the internal capsule or 
cerebral peduncle was much more severe when 
combined with destruction of the pallidum or its 
efferent pathway. In their material, of course, the 
lower motor neurones were intact, so the effect of a 
lesion of both internal capsule and pallidum could 
be more clearly determined than in cases of 
amyotrophic lateral sclerosis. 

Up to 50 years ago it was customary to utilize 
discased brains in working out anatomical relation- 
shios in man. But several factors have resulted in a 
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decline in this custom. The development of the use 
of experimental animals, with the possibility of 
making controlled lesions, at an optimum period 
before death, has superseded the use of human 
brains with extensive “natural” lesions. Also, once 
a histological picture of the disease is established, 
there is a tendency to examine the tissue only to the 
extent of confirming the clinical diagnosis and 
demonstrating the classical picture. It is possible 
that essential information relevant to the functional 
anatomy of the human central nervous system may 
be derived from the detailed study of ‘“‘routine”’ 
neuropathological material, apart from _ the 
possibility of making observations contributing to 
an understanding of the aetiology of the disease. 
The present seven cases have been presented as 
an example of the value of studying such “classical” 
diseases. This is a preliminary report of degenera- 
tion studies which are being made on a variety 
of conditions, using the staining methods usually 
applied mainly to experimental material. The 
observations reported here do not pretend to give a 
complete picture of the degeneration in amyotrophic 
lateral sclerosis, but to present some unappreciated 
aspects of the degeneration in myelinated fibres. 
There are considerable limitations imposed on draw- 
ing deductions from this type of material, in which 
there is a possible widespread disease process, 
because we cannot say categorically that the 
degeneration starts here and goes there, as we can 
about the degeneration resulting from circumscribed 
lesions. Nevertheless, it seems that there is evidence 
that further work utilizing pathological material for 
anatomical studies may be of definite value. 


Summary 

The degeneration of myelinated nerve fibres in the 
brain in seven cases of amyotrophic lateral sclerosis 
is described. Degenerating myelinated nerve fibres 
are present from cortex throughout the brain-stem 
and cord in every case. 

The distribution of the degenerating fibres in 
the cortex is extensive. These fibres are present 
not only in the pre-central gyrus and paracentral 
lobule, but they are also abundant in the post- 
central gyrus, and occur in considerable numbers in 
the adjacent parietal and frontal gyri. A few 
degenerating fibres are also present in other parts 
of the cortex. 

The majority of these, degenerating fibres appear 
to pass into the region ascribed to the cortico-spinal 
system in the brain-stem and to continue into the 
cord. 

Numerous degenerating fibres are present in the 
corpus callosum. 
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Degenerating fibres pass between the main group 
of degenerating fibres in the internal capsule and the 
lateral nucleus of the thalamus. 

Degenerating fibres are present in the basal 
ganglia, in particular in the ansa lenticularis and 
fasciculus lenticularis. 

Degenerating fibres are also present in the sub- 
stantia nigra, the tegmentum and reticular formation 
of the brain-stem. 

The value of the above findings with respect to 
anatomical studies is discussed. 


I am greatly indebted to Professor Blackwood and 
Dr. Mair for their generosity with the cases reported here 
and their sustained interest in the problem. I wish to 
thank also Dr. Carmichael for all the help and facilities he 
has given me. Miss Ebborn is responsible for most of 
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the histology and Mr. Frampton for the Photography, 


My warmest thanks are due to them. 
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THE DISTRIBUTION OF LEWY BODIES IN THE CENTRAL 
AND AUTONOMIC NERVOUS SYSTEMS IN 
IDIOPATHIC PARALYSIS AGITANS 


BY 


W. A. DEN HARTOG JAGER and J. BETHLEM 


From the Neurological Clinic, Wilhelmina Gasthuis, University of Amsterdam, the Netherlands 


The hyaline inclusions in the pigmented ganglion 
cells of the substantia nigra and the locus coeruleus 
in patients suffering from idiopathic paralysis 
agitans are known as Lewy bodies after their 
discoverer, Lewy (1913). A detailed description 
of these bodies was presented by Greenfield and 
Bosanquet in 1953. The intracytoplasmic bodies 
are always surrounded by a light halo, and often 
have a central core which stains differently from the 
remainder of the body. If these morphological and 
staining characteristics are taken into account, con- 
fusion with other cytoplasmic inclusions is im- 
possible. Greenfield and Bosanquet found Lewy 
bodies in each of their 19 cases of idiopathic paraly- 
sis agitans, and in none of their 10 cases of post- 
encephalitic Parkinsonism or in their 22 control 
cases. These findings were confirmed by Bethlem 
and den Hartog Jager (1960) in 15 cases of idiopathic 
paralysis agitans, four cases of post-encephalitic 
Parkinsonism, and 20 control cases. We have since 
found the Lewy bodies in nine new cases of Parkin- 
son’s disease. We failed to find them in a case of 
Parkinson following CO intoxication and in the 
case of Friedreich’s ataxia combined with here- 
ditary Parkinsonism, previously described by 
Biemond and Sinnege (1955). 

In contrast with the above are the findings of 
Redlich (1930) and Godlowski (1931), each of whom 
found Lewy bodies in two cases of post-encephalitic 
Parkinsonism. Alvord (1958) described Lewy bodies 
in four out of 14 post-encephalitic cases. Lipkin 
(1959) also found Lewy bodies in four out of nine 
verified cases of post-encephalitic Parkinsonism. 
Lewy bodies have so far been chiefly described in the 
pigmented ganglion cells of the substantia nigra and 
the locus coeruleus (Trétiakoff, 1919; Beheim- 
Schwarzbach, 1952; Greenfield and Bosanquet, 
1953). Lewy himself (1913, 1923) described these 
bodies in the nucleus of the substantia innominata, 
the periventricular nucleus, and the dorsal vagal 
nucleus. Von Buttlar-Brentano (1955) found Lewy 


bodies in the nucleus of the substantia innominata 
(nucleus basalis) in each of 16 cases of paralysis 
agitans. In 13 cases of post-encephalitic Parkin- 
sonism, no Lewy bodies were found in this nucleus. 
Bethlem and den Hartog Jager found Lewy bodies 
in the nucleus of the substantia innominata in nine 
out of 15 cases of Parkinson’s disease. 

Greenfield and Bosanquet described Lewy bodies 
as found in the oculomotor nucleus (Case 9) and in 
the nucleus of Roller (Case 10) in idiopathic 
paralysis agitans. 

In idiopathic paralysis agitans, Lipkin found Lewy 
bodies in the ganglion cells of the dorsal vagal 
nucleus (three cases), the cerebral cortex (one case), 
and the inferior olive (one case). Herzog (1928), 
Wohlwill (1928), and Hechst and Nussbaum (1931) 
found Lewy bodies in the ganglion cells of the 
sympathetic vertebral chain in paralysis agitans, and 
were therefore the first investigators to encounter 
Lewy bodies outside the central nervous system. 
They do not indicate whether Lewy bodies were also 
present in the central nervous system in these cases. 
They did report having found Lewy bodies in the 
sympathetic ganglia in patients not suffering from 
paralysis agitans, although of considerably less 
marked intensity and spread. 

The purpose of this paper is to present a descrip- 
tion of the exact distribution of Lewy bodies in 
Parkinson’s disease, both in the central and in the 
peripheral autonomic nervous systems. 


Material and Methods 


Eight sagittal sections were made through the left 
hemisphere of a 57-year-old male with the clinical 
diagnosis of idiopathic paralysis agitans (No. 585), and 
these sections were embedded in celloidin. All blocks 
were then submitted to serial section, every twenty-fifth 
section being stained with haematoxylin and eosin, and 
every fiftieth according to Weigert-Pal. A few orientating 
sections were obtained from the left half of the cere- 
bellum. The entire brain-stem was studied in the same 
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TABLE I 
FREQUENCY OF LEWY BODIES IN LOCUS COERULEUS AND SUBSTANTIA NIGRA 
| | | Total of Cells 
No. of ~~ lB oe j Three | Four Five Six Seven Containing | Extracellular 
Cells Counted Body | On 'c ‘ll Bodies | Bodies Bodies Bodies Bodies | One or More Bodies 

) a. he eee | Lewy Bodies 
Locus coeruleus 3,180 | 256 | 64 | 18 | 9 2 1 | 1 351(11.0%) | 79 
Substantia nigra 3,357 | 60 | 16 | 7 - im | a a 83 (24%) r 
way, every twentieth section being stained with hae- TABLE II 


matoxylin and eosin, and every fortieth according to 
Weigert-Pal. A_half-centimetre slice of pons was 
embedded in paraffin and submitted to complete serial 
section (7 thickness), and stained with haematoxylin 
and eosin. In every eighth section the cells of the locus 
coeruleus were counted, and a count was also made of 
the number of Lewy bodies per section. In the same way, 
half a centimetre of the right substantia nigra at the level 
of a section through the centre of the nucleus ruber was 
processed and counted. 

At necropsy on six patients with the clinical diagnosis 
of idiopathic paralysis agitans, the peripheral autonomic 
nervous system was removed in addition to the central 
nervous system and parts of the peripheral nervous 
system. The material was embedded in paraffin and 
stained with haematoxylin and eosin. 


Results 


Frequency of Lewy Bodies in Locus Coeruleus and 
Substantia Nigra.—In Case 585, 3,180 cells were 
counted in 37 locus coeruleus sections; of these, 
351 cells (11%) were found to contain one or several 
Lewy bodies. In this same case, 3,357 cells were 
counted in nine substantia nigra sections, including 
83 cells (2-4%) containing one or several Lewy 
bodies (Table I). 


Distribution of Lewy Bodies in Central Nervous 
System.—In the case examined in serial section 
(No. 585), Lewy bodies were found not only in the 
substantia nigra, substantia innominata, and locus 
coeruleus, but also in other groups of nuclei of the 


DISTRIBUTION OF LEWY BODIES IN NUCLEI OF 
DIENCEPHALON AND BRAIN-STEM IN CASE 585 





Diencephalon 
Nucleus dorsomedialis hypothalami 
Nucleus basalis 
Nucleus periventricularis 
Nucleus mammilo-infundibularis 
Nucleus intercalatus hypothalami 


Brain-stem* 
Nucleus substantiae nigrae 
Griseum centrale mesencephali 
Nucleus oculomotorius principalis 
Nucleus supratrochlearis 
Nucleus tegmenti pedunculopontinus, subnucleus compactus 
Nucleus tegmenti pedunculopontinus, subnucleus dissipatus 
Nucleus locus coeruleus 
Nucleus subcoeruleus 
Nucleus pontis centralis oralis et caudalis 
Processus griseum pontis supralemniscalis 
Nucleus centralis superior, subnucleus medialis 
Nucleus gigantocellularis 
Nucleus paragigantocellularis lateralis et dorsalis 
Nucleus raphae pallidus 
Nucleus dorsalis motorius nervi vagi 
Nucleus medullae oblongatae lateralis, subnucleus ventralis 





* Nomenclature according to Olszewski and Baxter (1954). 


brain-stem and the diencephalon. A _ survey of 
these is presented in Table II. In four cases, Lewy 
bodies were found in the ganglion cells of the lateral 
horns of the spinal cord (Figs. | and 2). In one 
case (No. 617) a Lewy body was present in a ganglion 
cell of the posterior horn (Fig. 3). 


Distribution of Lewy Bodies in Peripheral Auto- 
nomic Nervous System.—lIn five of the six cases in 
which the peripheral autonomic ganglia were 
examined, Lewy bodies were found in the right and 


TABLE III 
OCCURRENCE OF LEWY BODIES IN CENTRAL AND AUTONOMIC NERVOUS SYSTEMS 





Localization 

Substantia nigra 
Locus coeruleus 
Spinal cord 
Ganglion cervicale superius 
Ganglion stellatum 
Ganglia thoracalia 
Ganglia lumbalia 
Ganglia sacralia 
Ganglion coeliacum 
Ganglia around adrenals 
Posterior root ganglia “ 
Ganglion Gasseri | 0 
Ganglion ciliare 0 
Intramural ganglion cells of trachea, oesophagus, 

stomach, duodenum, and colon _ 





Case 600 | Case 601 | Case603 | Case617 | Case619 | Case 623 


Oke abe he ahs abe he oh. oh. oh, oh 








+ = Lewy bodies present. — = No Lewy bodies present. 


= Not examined. 
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Fic. 1.—Ganglion cell of the lateral horn of the spinal cord with 
Lewy body, showing typical halo. Haematoxylin-eosin. 


Fic. 3.—Lewy body in a ganglion cell of the posterior horn of the 
spinal cord. Note concentric structures with pale central core. 
Haematoxylin-eosin. 


Fic. 4.—Lewy body in pigmented cell of the superior cervical 
sympathetic ganglion. Haematoxylin-eosin. 


FIG. —Two Lewy bodies in a ganglion cell of the lateral horn of the 
inal cord. Haematoxylin-eosin. 
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Fic. 5.—Lewy body in pigmented cell of the sympathetic 
ganglion around the adrenal. Haematoxylin-eosin. 


Fics. 7 and 8.—Degeneration of the Lewy type of the cell processes 
of ganglion cells in the stellate ganglion. Haematoxylin-eosin. 





Fic. 6.—Stellate ganglion. Large elongated ‘“‘extracellular’’ form 
of Lewy body, with acidophilic central core. In the left 
upper corner a cytoplasmatic Lewy body is seen in a 
pigmented ganglion cell. Haematoxylin-eosin. 
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Fic. 10.—Longitudinal section of locus coeruleus. Globular 
thickening of degenerated axon. Haematoxylin-eosin. 


left ganglia throughout the sympathetic vertebral 
chain (Fig. 4) and in the prevertebral ganglion 
coeliacum. In two cases, moreover, Lewy bodies 
were present in the ganglions around the adrenals 
(Fig. 5). In one case (No. 623) two extracellular 
Lewy bodies were present in one ganglion Gasseri. 
In all cases the most striking histological alterations 
were found in the ganglion stellatum. 

In each of the six cases Lewy bodies were present 
in the locus coeruleus and the substantia nigra. 
Table LII gives a survey of these findings. 
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Fic. 11.—Large intracytoplasmic Lewy body filling the entire 
ganglion cell of the locus coeruleus. Haematoxylin-eosin. 


Distinctive Morphology of Lewy Bodies in Sym- 
pathetic Ganglia.—In the sympathetic ganglia, the 
intracytoplasmic Lewy bodies proved to be rela- 
tively few. So-called extracellular forms, such as 
can also be found in the central nervous system 
(Table I), were far more numerous. They gave the 
same staining reactions as the intracytoplasmic 
bodies. Apart from round or more oval-shaped 
extracellular bodies, the sympathetic ganglia also 
contained numerous elongated forms (Fig. 6). In 
some instances these elongated forms were seen to 












Fics. 12a, b, c, and d.—Serial sections of a pigmented ganglion cell 
of the locus coeruleus. At the margin of the cytoplasm several 
Lewy bodies are present (a and b). One of these bodies (c, 
arrow) protrudes from the cytoplasm and appears to be extra- 
cellular in the next section (d). Haematoxylin-eosin. 


arise directly from the cell body (Figs. 7 and 8). It 
is therefore highly probable that these forms are 
degenerated processes of cells (dendrites or neurites). 
Sometimes, moreover, they show ramification 
(Fig. 9). Whenever these degenerated cell processes 
are cut in transverse section, they have the round 
shape of the extracellular bodies also often found 
in transverse sections in the locus coeruleus or the 
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substantia nigra. In longitudinal sections of the 
locus coeruleus, the elongated forms are also 
observed. Sometimes these degenerated cell pro- 

cesses show globular thickening (Fig. 10). 

So-called extracellular Lewy bodies, therefore, 
can arise in three different ways: (1) An intracyto- 
plasmic Lewy body becomes so large that it fills 
the entire cell, which finally degenerates; a so-c:lled 
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- Fic. 13.—So-called extracellular Lewy bodies arise in three different 
j ways: (1) an intracytoplasmic Lewy body becomes large and 
finally fills the entire ganglion cell, surrounded by a few melanin 
granules; (2) an intracytoplasmic Lewy body protrudes from the 
cytoplasm and when cut in another plane, it may sometimes 
appear to lie outside the cell; (3) when degenerated cell pro- 
cesses, with globular thickening, are transversely cut, small (a) 
or large (b) so-called extracellular Lewy bodies are seen. 


' extracellular Lewy body occurs, often surrounded 
' by cell débris or melanin granules (Fig. 11); 
(2) an intracytoplasmic Lewy body slightly pro- 
_ trudes from the cytoplasm and may sometimes appear 
_ to be extracellular in a succeeding section (Figs. 12a, 
_ b, c, and d); (3) degenerated cell processes are 
transversely cut, and the resulting “extracellular” 
_ Lewy bodies are entirely similar to intracytoplasmic 
_ bodies, in shape, size, and staining reactions 
(Fig. 13). 


Comment 

In idiopathic paralysis agitans, Lewy bodies have 
so far been described in the ganglion cells of the 
substantia nigra, locus coeruleus, dorsal vagal 
nucleus, nucleus basalis, oculomotor nucleus, 
nucleus of Roller, cerebral cortex, inferior olive, and 
sympathetic ganglia. 

In one case of idiopathic paralysis agitans, which 
was Studied in serial sections, we found Lewy bodies 
in 14 other nuclei, all localized in the brain-stem 
and the diencephalon. In five of six cases of Par- 
kinson’s disease, with Lewy bodies in the substantia 
nigra and the locus coeruleus, these bodies were 
encountered in the ganglia of the sympathetic 
system and in the ganglion coeliacum. In four of 
these cases, moreover, Lewy bodies were observed 
in the lateral horns of the spinal cord. The Lewy 
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he | bodies, therefore, occur in a considerably larger 
so } Number of nuclear regions than has hitherto been 
o- | Understood. A striking feature is the occurrence of 
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- | every investigation into the pathogenesis of idio- 
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In view of the fact that the Lewy bodies are 
present in a great many nuclei of the central nervous 
system, the question may be raised as to whether the 
substantia nigra does in fact occupy such a central 
position in the pathology of idiopathic paralysis 
agitans. In our Case 585, the number of ganglion 
cells containing Lewy bodies in the substantia nigra 
was much smaller, percentually, than that in the 
locus coeruleus. On the other hand, the presence of 
Lewy bodies does not constitute the sole patho- 
logical change in these nuclear regions. In par- 
ticular a loss of cells in the substantia nigra has been 
reported by many authors (Hassler, 1938; Klaue, 
1940; Greenfield and Bosanquet, 1953). 

This investigation, too, confirmed the predilection 
of Lewy bodies for pigmented (melanin-containing) 
ganglion cells not only in the brain-stem but also in 
the sympathetic ganglia. They were absent, how- 
ever, from the melanin-containing pigmented cells 
of the posterior root ganglia, whereas they did occur 
in non-melanin-containing ganglion cells of the 
brain-stem and diencephalon. 

An unexplained feature in this investigation was 
the occurrence of Lewy bodies in the sympathetic 
ganglia of five patients with paralysis agitans, 
whereas they were entirely lacking in the sympathetic 
ganglia in a sixth case. This patient was clinically 
observed by both authors and followed up for 
several years; he showed the classical features of an 
advanced stage of Parkinson’s disease, and Lewy 
bodies were found in the substantia nigra and the 
locus coeruleus. 

Histological examination of the sympathetic 
ganglia revealed that cellular degeneration in the 
form of Lewy bodies spreads into the cell processes 
in idiopathic paralysis agitans. The same can be 
observed, albeit less frequently, in the involved 
nuclei of the central nervous system. 


Summary 


A systematic study of the brain in a case of idio- 
pathic paralysis agitans showed that cellular de- 
generation in the form of Lewy bodies occurred in 
14 nuclei of the diencephalon and the brain-stem, 
in which these bodies have not previously been 
described. Lewy bodies were likewise found in the 
lateral horns of the spinal cord. It was also 
established that Lewy bodies occurred in ganglion 
cells not containing melanin pigment. 

In five of six cases of idiopathic paralysis agitans, 
Lewy bodies were found in the ganglia of the 
sympathetic vertebral chain and the prevertebral 
ganglion coeliacum. The study of these ganglia 
revealed that cellular degeneration of the Lewy type 
also occurs in the cell processes. 
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The pathology of Parkinson’s disease is not con- 
fined to the well-known involvement of the sub- 
stantia nigra, because Lewy bodies were found 
elsewhere, particularly in the central and peripheral 
autonomic nervous systems. 


We are grateful to Prof. Dr. A. Biemond for his 
interest and encouragement. This investigation was 
made possible by a grant obtained from “De Drie 
Lichten’”’. 
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THE EFFECT OF HAEMODIALYSIS IN MYASTHENIA GRAVIS 
BY | 
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and HANS STAUB 


From the Medizinische Universitdtsklinik, Basel, Switzerland 


As long ago as the year 1900 Campbell and 
Bramwell suspected the presence of a circulating 
toxic factor in myasthenia gravis. The first effective 
therapy was reported in 1934, when Walker de- 
scribed the benefits of prostigmine, a potent anti- 
cholinesterase. The apparent similarity in the 
response of myasthenic symptoms to neostigmine 
and the antagonism of curare poisoning by the same 
drug were noted at once. The presence of some 
‘ curare-like compound has _ therefore been 
suggested and has found support in the work of 
Walker (1938) and Wilson and Stoner (1944). 
Struppler (1955) and recently Tsukiyama, Nakai, 
Mine, and Kitani (1959), and Nastuk, Strauss, 
and Osserman (1959) considered their results to be 
inconclusive. 

In favour of the hypothesis of a circulating 
neuromuscular blocking agent are the following 
observations. A cuff is placed on a limb and inflated 
above venous pressure, and the limb subsequently 
exercised to exhaustion. Sometimes the ocular 
symptoms of myasthenia are aggravated when the 
tourniquet is suddenly released. Wilson and 
Stoner obtained venous blood from myasthenics 
under such conditions and found that the serum 
produced a depression in the twitch height of frog 
sartorius muscle. Struppler reported a similar action 
of serum from myasthenics injected into dogs. 
Tsukiyama et al. found electromyographic evidence 
of what they call a myasthenic substance in man and 
rabbit. Schwarz (1952) induced fatigue in normal 
man when the serum of myasthenics was injected 
intramuscularly. However, he saw no change in the 
normal subjects after large blood transfusions from 
myasthenics and no beneficial effect of exchange 
transfusion in a myasthenic patient. Reports of 
transient neonatal myasthenia in children born of 
myasthenic mothers have repeatedly been pub- 
lished. 

On the assumption that some neuromuscular 
blocking chemical is present, we thought it worth 
while to attempt to remove such a substance by 
hemodialysis. 


” 


Methods 

Medication was maintained at the usual dose until the 
start of the dialysis in the morning. For haemodialysis, 
the instrument developed by Alvall was used. A cellulose 
tube manufactured by the Visking Corporation, Chicago, 
was used. It has a total surface area of 1-4 m?. Blood 
taken from the radial artery was pumped through the 
tubing and brought back to a vein in the arm or leg. The 
extracorporeal blood volume was 1,600-1,900 ml. An 
additional 200-1,800 ml. blood (non-myasthenic donors) 
had to be given because of a fall in blood pressure in 
the course of the dialysis. Blood flow was 100-200 ml. 
per minute. A continuous dialysis was maintained for 
14 hours in seven patients and for eight, 12, and 20 hours 
on three different occasions in one patient. The bath 
fluid of 135 litres was renewed six to 12 times during the 
dialysis. The bath fluid contained 660 mg.% NaCl, 
225 mg.% NaHCo,, 18-5 mg.% CaCl,, and 200 mg.% 
glucose. In all but one case, 10 mg.% of MgCl, was 
added. Potassium content varied from 12 to 20 mg.% 
(22:5 to 38 mg. % of KCl). 


Results 

Eight patients were dialysed between September, 
1959, and January, 1960. One man, aged 46, with 
only minimal ocular symptoms, in whom the 
diagnosis of myasthenia gravis is not beyond doubt 
and who did not require any medication, was un- 
changed by haemodialysis. In two women, aged 37 
and 46, the existing severe myasthenic symptoms 
were relieved and during the dialysis they required 
almost no medication. The previous amount of 
drug had to be resumed very shortly after dialysis. 
A later control period in one of these two patients 
showed that she tolerated withdrawal of the drugs 
for a period of time commensurate with the dialysis. 
We have classed all three of these patients as 
‘““unimproved”’. Five patients with marked to 
severe myasthenia were undoubtedly improved. In 
these seven patients with marked symptoms intra- 
venous “ tensilon”’ produced improvement before 
as well as after dialysis. 


Illustrative Case Reports 
Case 1.—In February, 1956, Mrs. E. D., a housewife, 
aged 46, developed progressive difficulty with speech and 
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swallowing. She entered the hospital in July of that year 
and myasthenia gravis was diagnosed on the grounds of a 
right ptosis and impaired speech and deglutition. A 
malignant thymoma invading the right thoracic wall and 
lung was found and removed. Post-operative x-ray 
treatment had to be abandoned because of mental dis- 
turbances which subsequently disappeared. During the 
following three years she was reasonably controlled with 
neostigmine (prostigmine) and later with up to 540 mg. 
pyridostigmine (“* mestinon”’) daily. Several periods of 
myasthenic deterioration associated with upper respira- 
tory infections required admission to hospital. She was 
usually able to cook but could to little other housework. 
In July, 1959, she re-entered hospital with an increase 
of extraocular muscle weakness and impaired breathing. 
Increasing the dosage of drugs up to 200 mg. “ mestinon ” 
intramuscularly daily was unsatisfactory. Dialysis on 
August 28 for an eight-hour period improved ptosis 

speech, and swallowing, and the “ mestinon” was 
reduced to only 40 mg. intramuscularly on the day of 
dialysis and to 120 mg. on the following day. The patient 
felt much relieved and was again able to swallow the 
tablets. Because of the marked benefit of the dialysis, it 
was decided to repeat the procedure on September 10, 
this time for 20 hours. Again the ptosis and swallowing 
improved. She required no “ mestinon” at all during 
dialysis and for 12 hours afterwards. A general state of 
improvement was indicated by her requirement of only 
120 to 150 mg. “* mestinon ” intramuscularly daily during 
the next two weeks. After this time, the “‘ mestinon ” had 
to be increased again, but with up to 270 mg. she was 
able to walk in the ward. At the end of the month of 
October, she had so deteriorated again that constant 
gastric drip feeding became necessary. On October 27, 
in a desperate state despite a daily dose of 240 mg. 
** mestinon ” intramuscularly, a third dialysis of 12 hours 
was performed and again the patient improved remark- 
ably. For example, after dialysis, her cough was of 
sufficient strength to clear her throat and she could drink 
and breathe freely. Mestinon could again be kept at 
80 mg. intramuscularly daily during the next three weeks 
after which time it again had to be increased to 250 mg. 

daily. Further deterioration was not controlled with 
increased “* mestinon ’’. On December 26, tracheotomy 
had to be performed to clear the airways, and on January 
1, the patient died somewhat unexpectedly after blood 

gases had been shown to be normal. Necropsy 24 hours 
after death revealed multiple deposits of thymoma tissue 
in the right pleural cavity and in widely scattered lymph 

nodes. There was a bilateral suppurative broncho- 

pneumonia. 


Case 2.—Miss C. R., an office clerk aged 35, developed 
a left ptosis and difficulty with swallowing for three 
months during the spring of 1955. A slowly progressive 
impairment of speech and singing developed during the 
course of 1957. Swallowing, which had not been quite 
normal since 1955, became worse. In February, 1958, 
myasthenia gravis was diagnosed at the Neurologische 
Poliklinik, Ziirich, and treatment was started with 
prostigmine and up to 600 mg. “mestinon’”’ daily. In the 
summer of 1958, after x-ray treatment to the thymus, 
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there was transitory improvement and it was possible 


reduce medication. During the early part of 1959 g) 
was able to work but in the last six months typewriting 
became progressively difficult and her hands were sonp. 
times so weak in the evenings that she could not pull oy 
an electric plug. Because of diarrhoea and cramp, 
medication could not be increased over 300m 
** mestinon ” daily and 15 mg. prostigmine every secon; 
morning. Ten days before dialysis, she developed ap 
upper respiratory infection and nearly suffocated 
Dialysis on January 12 for 14 hours resulted in marked 
improvement of facial mobility, articulation, swallowing 
and in the strength of her arms. For eight days she took 
only 60 mg. “* mestinon ” twice daily, but had to increag 
it again afterwards. After two weeks she felt much 
weaker, though she still considered her condition to 
better than before dialysis. 


Case 3.—In October, 1953, Mr. W. H., a typewriter 
mechanic, aged 25, noted that he was unable to comb 
his hair in the evening. This always followed a day of 
strenuous military training. He felt fit again the nex 
morning. In January, 1956, his left eyelid drooped and 
in March of that year swallowing became difficult. In 
the Neurologische Poliklinik, Basel, a presumptive 
diagnosis of myasthenia gravis was made and confirmed 
by the dramatic improvement of his symptoms with 
120 mg. “* mestinon ” daily. In May, 1956, he abruptly 
discontinued taking “* mestinon”’, and was brought to 
the hospital as an emergency with respiratory distress, 
severe bronchitis, and partial atelectasis of the lung. 
Prostigmine immediately improved his condition and 
he was discharged on a dose of 180 mg. “ mestinon” 
daily. Following this he was able to work taking slowly 
increasing doses of up to 1,200 mg. “* mestinon ”’ daily. 
In the mornings he was unable to dress himself without 
taking 120 mg. “ mestinon”’ an hour before. Dialysis 
on October 14 for 14 hours led to marked improvement 
of his overall strength. The next morning, without any 
““mestinon ” for 24 hours, he was able to get up and 
comb his hair without any support of the left arm, an 
action which he was previously unable to do, even under 
drug action. During the following days he slowly had to 
increase the dosage of * mestinon” to 600 mg. daily, 
but despite this reduced dosage he felt stronger than 
before the dialysis. Whereas before dialysis he frequently 
had to stop his car and take tablets before he could 
operate the pedals again, during the three weeks after 
dialysis he was never forced to interrupt his driving in 
this way. He admits, however, that he started normal 
work only two weeks after dialysis and his drug require- 
ments are dependent on his mood. After one month he 
was back to his previous medication schedule. 


Case 4.—In 1953, Mrs. E. G., a housewife, aged 27, 
noticed facial weakness while laughing and difficulty with 
speech and swallowing. In 1954, she was diagnosed as 
having myasthenia gravis at the Neurologische Poliklinik, 
Basel. Her symptoms could be controlled well with 
180 mg. “ mestinon ” and, during a pregnancy in 1957, 
she improved, requiring only 90 mg. “‘ mestinon ”’ daily. 
After delivery in January, 1958, she deteriorated markedly 
and was not fully compensated with 360 mg. “ mestinon” 
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) prostigmine intramuscularly, something she was unable 
- to do before. On the following day she was very active 
and took no drugs at all. After discharge she started with 
' 180 mg. “ mestinon ” daily. This had to be increased to 
360mg. during the next three days after which she 
| replaced the “‘ mestinon ” again by prostigmine. After 
’ two weeks she had reached her previous prostigmine 
> level. 
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better to prostigmine. To do her household tasks, she 


required 240-270 mg. prostigmine daily. She had to be 
awakened twice a night by her husband to take prostig- 
mine and occasionally the drug had to be given hypo- 
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In March, 1958, it was found that she responded 


dermically. Because of increased fatigue during the 
second half of her menstrual cycle, she was treated with 
large doses of chorionic gonadotropin. This makes her 


feel unwell, but she believes that it improves her myas- 
' thenic symptoms. 
- led to marked improvement. No drugs were given until 
' the end of dialysis and she felt nearly as well during 
' dialysis as with full prostigmine therapy. 


Dialysis on October 16 for 14 hours 


She could 
drink two glasses of beer without hesitation after 1 mg. 


Discussion 


There are several ways of explaining the beneficial 
effects of dialysis. 

First, all the patients may have been suffering 
from an overdosage of anticholinesterase drugs and 
the dialysis then removed the offending agent. This 
is extremely unlikely as all patients had a positive 
response to “*tensilon’’ both before and after 
dialysis. 

In the second place, the patients may have had an 
improvement not specifically related to the dialysis 
as such but rather to some other element in the 
procedure. It has been often noted that some 
myasthenics have a “* spontaneous’ improvement 
after such procedures as appendectomy or minor 
surgery. These remissions are not common. In our 
group, however, five out of eight patients improved 
which makes it much more likely that the result is a 
consequence of some specific effect of the dialysis. 

Thirdly, the patients may have had a favourable 
psychological response to this new treatment which 
made them feel or wish that they had been improved 
when, in fact they were not better at all. For this 
reason, it would be most desirable to have an 
Objective measure of the intensity of the myasthenic 
symptoms. This is notoriously difficult to accom- 
plish. It is possible to show the influence of edro- 
Phonium chloride (‘* tensilon’’) on muscle power 
using kymographic tracings of a Mosso ergograph 
following electrical stimulation of a nerve. This 
arrangement, however, did not prove to be useful 
in recording changes taking place over the course of 
hours because an unchanging position of the hand 
cannot be maintained. Neither was measurement of 
ma» imal oesophageal pressure or maximal expiratory 
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mouth pressure of value. These latter methods 
depend on the patient’s degree of effort and are only 
pseudo-objective. The same objection holds for 
simple dynamometric testing. We are therefore left 
mainly with the patient’s symptoms and the need 
for medication. 

Anticholinesterase therapy could always be 
reduced during dialysis and had to be increased again 
after two to three weeks to the previous level. 
During this period, five patients felt better on a 
reduced medication level than they did on a higher 
dosage before dialysis. 

Lacking truly objective measurement of improve- 
ment, we cannot disprove a purely psychological 
factor in the patients or in ourselves. We tried to 
avoid suggestive questioning, and, as the patients 
had been adjusting their own dosage, we told them 
to continue to do so. They were instructed to take 
medication to achieve a maximum state of im- 
provement. We were impressed by the spontaneous 
and uniform retrospective statements of the patients 
even at the time of the relapse of symptoms. This 
uniformity in the response to dialysis and to the slow 
relapse afterwards is too striking to attribute to 
psychological influences which would be different 
from one patient to the next. 

Keeping this issue of psychological influence 
constantly in mind, we do not consider it possible 
that the results can be entirely explained in this way. 
Furthermore, a point of interest in other respects 
as well, the absence of a close similarity between the 
effects of dialysis and those of anticholinesterase 
drugs is quite striking. Four patients reported im- 
provement of symptoms such as ease in moving part 
of the face, or an increase in strength of the back 
and arms, which had been unsatisfactorily controlled 
under drug action. In other words, for some time 
after dialysis (even with reduced medication), some 
symptoms improved which were previously un- 
controlled with high doses of drugs. We have not 
seen, however, a complete return to normality. 
Whether this is due to insufficient dialysis has not yet 
been determined. 

A final argument against the explanation that this 
might be a purely psychological response is the fact 
that a prolonged dialysis is indeed an exhausting 
procedure with its attendant surgery, immobiliza- 
tion, and strain. We would expect the procedure to 
make symptoms worse, not better, unless some 
directly beneficial effect had occurred during 
dialysis. 

A fourth point of view might be that the effect of 
dialysis was to alter the ionic balance, notably of 
those ions such as K+, Mg*+, and Ca**, which have 
well-known effects on neuromuscular transmission 
and on muscle activity. 
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Serum potassium was measured before dialysis 
on each of the 10 occasions. These ranged from 
10:0 to 15-8 mg.% (average 14-0mg.%). After 
dialysis nine determinations (one technical error) 
were obtained varying between 14-1 and 26-3 mg. % 
(average 18-3 mg.%). In the case of a transfer of 
potassium from the bath (135 litres) into the body, 
only minimal changes are to be expected in measure- 
ments of change in bath concentration as the volume 
of the two compartments are so widely different. 
Repeated measurements showed equal values. 

We found no correlation between increase of 
serum potassium and benefit in dialysis. Whereas 
in one of the three patients whom we have classified 
as “unimproved”? serum potassium rose from 
13-5 to 26:3 mg.%, Case 2 markedly improved, 
although serum potassium showed a decrease from 
15-8 to 14-1 mg.% Serum calcium before dialysis 
in all cases ranged from 8-2 to 10-4 mg. % (average 
8-95 mg.%). After dialysis the values ranged from 
9-3 to 10-3 mg.% (average 9-71 mg.%). Serum 
magnesium was not measured. 

Although these measurements of possible ionic 
alterations are not complete, they do not, however, 
suggest any relation to improvement. Furthermore, 
improvement lasting two to three weeks would 
seem to be an unlikely consequence of a single 
alteration of an ionic balance. 

It is our opinion that the beneficial effect is best 
explained by the hypothesis that the dialysis removes 
from the body a substance of low molecular weight 
which has a neuromuscular blocking action. Ex- 
perimental work on it is now in progress and results 
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will be published elsewhere. The authors fee! that 
these results support strongly the experiments of 
Wilson and Stoner which also led to the same 
general conclusion. 

Haemodialysis, clearly, will not become a routine 
treatment for myasthenia gravis. Further experience 
will be necessary to know whether it has a usef| 
role in the management of myasthenic crises. We 
hope that these preliminary findings will encourage 
a fresh approach to the basic physiological mechan- 
isms of this disease. 


Summary 


Five myasthenic patients were temporarily im- 
proved by haemodialysis. Improvement showed 
itself in partial amelioration of symptoms and signs 
and also by reduced need of medication. The benefit 
is tentatively explained by the removal of a circu- 
lating neuromuscular blocking substance. 


We are greatly indebted to Dr. R. Wiithrich, of the 
Neurologische Poliklinik, Basel, and Dr. M. Mumen- 
thaler, of the Neurologische Klinik, Ziirich, for allowing 
us to treat their patients. 
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TRAUMATIC EPILEPSY AFTER CLOSED 
HEAD INJURIES* 


BY 


W. BRYAN JENNETT and WALPOLE LEWIN 


From the Accident Service and the Department of Neurological Surgery, the Radcliffe Infirmary, Oxford 


It has long been known that epilepsy may follow 


‘injury to the head. The relationship between the 
| wo events has been worked out in some detail for 
| missile wounds of the head by Wagstaffe (1928), 
 Ascroft (1941), and Russell and Whitty (1952), to 
mention but a few of many such studies, the oppor- 
tunities for which were provided by the two world 


wars. The well-defined injury made study precise, 


-and, as the patients became pensioners, follow-up 


could be effective. The blunt head injuries of 
civilian life are less easy to study. The numbers 
involved, the diversity of injury, and the inevitable 
selection of cases for admission to hospital, pose 
major problems in obtaining an unselected series 
in which to study the true incidence of epilepsy and 
reliable standards to discuss the factors involved. 
We owe much, however, to the earlier work of 
Russell (1932), Feinberg (1934), Symonds (1935), 
Rowbotham (1942), Penfield and Shaver (1945), 
and Phillips (1954), who have published valuable 
reviews on this subject. Nevertheless, many of these 
studies have been on selected cases either due to the 
population studied, for example Service personnel, 
or because of the selection involved in admission 
to a special unit. As Garland (1942) pointed out in 
a discussion on traumatic epilepsy, the incidence 
claimed from various sources varied from 20% at 
its highest down to a figure less than that of epilepsy 
in the general population. Moreover, there seemed 
little agreement as to what constituted a mild or 
severe head injury. 

Russell (1932) reported an incidence of epilepsy 
of 3-5°% among 200 cases within 18 months of injury, 
Rowbotham (1942) 2:5% in 450 cases, and Phillips 
(1954) 6% in 500 cases. In this paper a further 
attempt has been made to estimate this complication 
of head injury, based it is believed, on an unselected 
series of cases. There are several unanswered 
questions in relation to traumatic epilepsy. What 
is the significance of epilepsy occurring in the acute 


-_-_. 


*A paper read to the International League Against Epilepsy in 
March, 1959, 





period after injury ? Does it commonly indicate an 
intracranial complication, and is it associated with 
particular types of injury ? Can early epilepsy be 
ignored as far as the future is concerned or does it 
call for caution in prognosis ? This paper will be 
primarily concerned in answering these questions 
about early epilepsy, although some details will be 
given of the late follow-up (four to nine years) 
sufficient to give a general picture of the incidence of 
epilepsy. But a more detailed study of late epilepsy 
will be deferred to another occasion. 


MATERIAL AND INCIDENCE 


A thousand consecutive cases of head injury not 
caused by missiles admitted to the Accident Service 
at the Radcliffe Infirmary, Oxford, from November, 
1948, to February, 1952, have been studied. Of 
these, 46 patients had the first fit of their lives 
within a week of injury. 

The great majority, 821, were admitted direct 
from the scene of the accident. As this was the only 
hospital in the area admitting accidents and all head 
injuries came to the Accident Service, this group 
represents, as far as is possible, an unselected series. 
The patients were under the care of a neurosurgeon 
from the outset, and this study was not a retro- 
spective one, for one of the objects in compiling this 
series was to study epilepsy. Care was taken to 
record all possible details about fits, and to enquire 
about previous epilepsy and family history. There 
were only two patients with post-traumatic fits who 
had a family history of epilepsy. When there was 
doubt about the occurrence of a fit during the short 
period before admission ambulance drivers and 
others were questioned. 

In such an unselected series as this (direct ad- 
mission from the accident) there were many cases 
of mild injury, for a criterion for admission was 
evidence of cerebral concussion, as judged by a 
period of amnesia, even if brief. Thus approximately 
two-thirds of the surviving 750 direct admissions 
had less than an hour’s post-traumatic amnesia, and 
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there was a similar proportion without skull fracture. 
Of this unselected series of 821 cases, 31 developed 
epilepsy within one week of injury (3-9 °%). 

The remaining cases of the series (179) were 
patients transferred from other hospitals for special 
attention. Most had major head injuries and sus- 
pected complications; but not all, for some with less 
severe injuries were transferred from small peripheral 
hospitals, which were unable to provide continuing 
treatment. Nevertheless, this group did weigh the 
whole series in favour of more serious and com- 
plicated cases and is therefore mentioned separately 
in this paragraph. In this group there were 15 cases 
of early epilepsy (8.4°%). 

A selecting factor, present in all series and in 
this one, was that some patients were transferred 
from other hospitals because of a fit after injury; 
and a few patients in the “‘direct’’ group were 
admitted after minor injury because of an early fit, 
particularly the infants, who will be referred to again. 
Sedatives were used sparingly in the general manage- 
ment of these cases, and anticonvulsants were not 
prescribed prophylactically for the uncomplicated 
cases during the acute period. Thus it is unlikely that 
many cases were suppressed by drug treatment. 


Previous Epilepsy 


In any large series of head injuries there are 
always some patients who have had previous fits or 
indeed have sustained their head injury during a fit. 
There were 14 such patients in this series and they 
have been excluded from the figures already men- 
tioned. Most were subject to frequent fits and were 
known to be epileptics when admitted. However, 
two were discovered to have a history of epilepsy 
only when a full enquiry into their past was made 
consequent to their having a fit after the injury. 
In no case was the course of the patient’s epilepsy 
altered significantly and only one of these 14 patients 
had a fit in the first week after injury. The ages and 
severity of injury of these patients showed a normal 
distribution similar to the rest of this series. Phillips 
(1954) also concluded that a personal history of 
epilepsy did not influence the onset of traumatic 
epilepsy. These cases are excluded from all subse- 
quent analyses. 


Deaths 


There were 90 deaths among the 1,000 cases, and 
early epilepsy occurred in eight of them (8-9%). 
With the exception of one patient who had a lucid 
interval before cerebral compression from an 
extradural haematoma, all were in coma from the 
time of injury until death. Of the eight cases, six 
had intracranial haematoma (q.v.). 
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EARLY EPILEPSY 


As this series was analysed, it became possible 
define the term “early epilepsy’ much more pp. 
cisely than seemed likely at the outset. It could bk 
limited to the first week after injury, for only on 
patient in this series had his first fit between th 
seventh day and the eleventh week after injury 
This patient made a good immediate recovery from 
a mild injury but developed a subdural haematom, 


which was evacuated two weeks after injury, and § 
focal attacks developed post-operatively. This case 


has been included in the late group of epilepsy. 0 
the 46 patients who developed fits within a week of 
injury, a third had their first attack less than one 
hour after injury, a third within the first 24 hour. 
and a third from the second to seventh day. 

This absence of cases with epilepsy first appearing 
between the first week and the third month compared 
with other series calls for an explanation. Possibly 
the opportunity afforded in this series of having 
many patients under continuous observation from 
soon after the time of injury enabled attacks in the 
first few hours after injury to be recorded which 
might have been missed in other circumstances. 

Generalized attacks occurred in 18 patients and 
focal attacks in 25, of whom four also had grand 
mal. There were three patients with unusual 
attacks or with insufficient information to be quite 
sure whether a generalized attack had begun focally, 
We have adopted the convention of Penfield and 
Jasper (1954) in labelling as focal any attack which 
began unequivocally in a focal manner, in which is 
included adversion. In 20 of the 38 survivors the 
fits were repeated and in some of these serial epilepsy 
or status occurred. 


Factors Influencing Incidence of Early Epilepsy 


Age.—The incidence of fits in the group under 
5 years of age was almost twice that in any other 
age group (Table I). Three of the seven infants with 
a fit had sustained only a trivial injury and indeed 
many of the children admitted had very mild injuries. 
This reflects the general policy governing the ad- 
mission of young children after head injuries about 


TABLE I 


AGE GROUPS AND INCIDENCE OF EARLY EPILEPSY 
IN 896 SURVIVORS 





| Total No. of | Early 








Agein Years | “patients Epilepsy | 7 Epilepsy 
Up to 5 75 7 9-4 
6-15 122 4 3-3 
16-25 257 13 5-1 
26-45 248 10 4-1 
46-65 132 2 1°5 
Over 65 62 2 3-1 











which 
estab 


incid 
injur 
infec 


the | 
of th 
b are | 


any 
chil 


' triv! 
| post 


eith 


| per 
| bro 


pat 


ple 
thi 








Sible to 
Te pre. 
ul be 
ly one 
€N the 
injury, 
Y from 
atoma 
Y, and 
IS Case 
y. Of 
eek of 
N One 
hours, 


-aring 
Pared 
ssibly 
aving 
from 
N the 
vhich 
nces, 
and 
rand 
sual 
Juite 
ally, 
and 
hich 
h is 
the 
psy 


der 
her 
ith 
ed 
es. 
id- 
yut 





SY 


TRAUMATIC EPILEPSY AFTER CLOSED HEAD INJURIES 


which accurate details are notoriously difficult to 
establish. 

Several factors may contribute to this high 
incidence of fits in young children after trivial 
injuries. Considering the frequency with which 
infections precipitate fits at this age it seems that 


' the brain is more susceptible. Moreover, children 


of this age are closely observed by their parents and 
are likely to be brought to hospital immediately if 


any incident such as a fit occurs, and three of our 
children were admitted because a fit had followed a 


trivial injury. Then some children may be predis- 


) posed to epilepsy by some underlying condition, 


either congenital or contracted during the perinatal 
period which, until the head injury, has not been 
brought to light. This was probabiy so in one of our 
patients. This was a child of 2 years and 9 months 
who proved to have a long-standing mild hemi- 
plegia and had been a difficult breech delivery. That 
this child had only one further fit in the subsequent 
seven years suggests that the head injury must have 
been a major precipitating agent for the post- 
traumatic fit. 

Another possibility is that the post-traumatic fit 
is the first one in a person destined to suffer from 
“idiopathic epilepsy’. For the majority of such 
epileptics begin having convulsions in the first five 
years of life. The follow-up on this small group of 
children does not bear this out, for although all 
three with trivial injuries followed by an early fit 
did have another fit later on, none became a chronic 
epileptic. All were traced for seven years, and two 
had had only a single fit, and the other two episodes, 
during that time. 


Severity of Injury.—The length of the post- 
traumatic amnesia is a useful guide to the degree 
of brain injury suffered, and we have used the time 
groupings originally suggested by Russell (1932). 
Table IL shows that epilepsy was more than four 
times more common when the post-traumatic 
epilepsy was more than 24 hours. This, however, 
did not hold for the youngest age group which 
accounts for a number of cases without amnesia, 


TABLE Il 


DURATION OF POST-TRAUMATIC AMNESIA AND 
RELATION TO EARLY EPILEPSY IN 896 SURVIVORS 
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and the special case of which has been discussed 
(vide supra). No patient over the age of 25 years 
developed epilepsy after an injury without amnesia 
and this held whether there was a fracture or not. 
This seems to indicate that the adult brain requires 
a more severe concussion to produce epilepsy than 
the child’s. When patients with depressed fractures 
and with intracranial haematomas were excluded 
the incidence of epilepsy was more than five times 
greater in cases with more than 24 hours’ post- 
traumatic amnesia. 

As might be expected, the likelihood of early 
epilepsy was greater if abnormal signs were present 
on neurological examination, and most marked 
where motor or sensory hemisphere signs were 
present. 


Fractured Skull.—Table III supports the widely 
held impression that epilepsy is commoner when a 
skull fracture is present. The association of epilepsy 


TABLE III 


SKULL FRACTURE WITH EARLY EPILEPSY 
IN 896 SURVIVORS 








‘ Total No. of | : , 

Site of Fracture ‘lees Epilepsy | % Epilepsy 
Frontal 118 9 7-6) 8-3 a 
Temporo-parietal 172 15 8-7 f 
Occipital \ 54 | 1 | 18 
No fracture } $52 | 13 | 23 





with fractures in sites other than occipital was 
3-5 times commoner than in those cases without 
fracture, a relationship which held good whether the 
post-traumatic amnesia was more or less than 
24 hours. From the comparatively small number 
of patients with fractures confined to the occipital 
bone it seems that epilepsy is very unusual after such 
injuries. Nor did any of the four patients with 
depressed fractures of the occipital bone develop 
epilepsy. 

There were 64 patients with depressed fractures 
among the survivors in this series. Table IV shows 
that when considered in relation to fractures without 
depression early epilepsy is nearly twice as common 


TABLE IV 


INCIDENCE OF EARLY EPILEPSY WITH SURVIVING 
DEPRESSED FRACTURE 











Post-traumatic Total No. of | Early ° P 
Amnesia Patients Epilepsy 7o Epilepsy 
Nil | 108 | 7 6:25 
Less than 1 hour | 414 | 7 1-7 
| -24 hours | 207 6 2:85 
\-7 days 64 7 11 
More than 7 days | 90 11 12 
No information 13 | — _— 





Less than 24 hours 20/729 = 277% 
More than 24 hours 18/154 =. 12% 


Cm 








Total No. | Depressed Linear 
of H Fracture Fracture 
Site of Fracture Patients ———— — 
with | No. | With No. | With 
Fractures | “°° | Epilepsy | | Epilepsy 
Frontal 118 32 | 4 (125%) || 86 5 (58%) 
Temporo-parietal| 172 | 28 | 4 (143%) || 144 |11 (7-6%) 
Occipital 54 | 410 —_ \ 50 i @yw 
All sites | 344 | 64 | 8 (125%) || 280 17 (6-1%) 
All sites except | | | 
occipital | 290 | 60 | 8 (13-3%) | 230 [16 (70%) 
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when a fracture in the frontal, temporal, or parietal 
region is depressed, 13-39% compared with 7:0%. 
This is so whether the post-traumatic amnesia is 
more or less than 24 hours. 

The small numbers do not show any significant 
difference in the incidence of early epilepsy between 
those depressed fractures where the dura was pene- 
trated and those where it was intact. This is not 
surprising so far as early epilepsy goes since most, 
if not all, of these cases have some degree of cerebral 
contusion beneath the fracture site, which is probably 
the cause of the early attacks. On the other hand, 
penetration of the dura, as will be shown when 
discussing late epilepsy, appears to increase con- 
siderably the likelihood of late epilepsy. One would 
expect this from experience with war wounds. 


Intracranial Haemorrhage.—Spontaneous subar- 
achnoid haemorrhage may be accompanied by 
epilepsy in the acute stage (Symonds, 1935; Walton, 
1956). In the majority of cases of traumatic subar- 
achnoid haemorrhage there is some degree of cortical 
contusion, although not in all, and it might therefore 
be expected that the finding of blood in the cerebro- 
spinal fluid would be associated with a high incidence 
of epilepsy. In this series lumbar puncture was not 
a routine procedure but was usually performed 
where there was clinical evidence of subarachnoid 
haemorrhage. Of 174 patients so investigated, 124 
had bloodstained cerebrospinal fluid and the inci- 
dence of epilepsy in these was 9-7%, about twice 
that of the series as a whole. It should be noted 
that this was not merely an expression of the 
severity of the injury, for 43% of these 124 patients 
had a post-traumatic amnesia of less than 24 hours. 

Intracranial haematomas (extradural, subdural, 
and intracerebral) are relatively uncommon in any 
series of unselected head injuries. In the 1,000 cases 
of this series there were 69 haematomas among 
62 patients, an incidence of 62% (Lewin, 1953). 
There were 14 cases of early epilepsy among the 
61 patients with haematoma (22:9%). (One of 
these 62 patients with haematoma in the 1,000 cases 
is excluded on account of previous epilepsy.) Ten 
of these 14 patients had acute subdural or intra- 
cerebral clots, sometimes in association with an 
extradural haematoma. All the early fits associated 
with haematomas were focal, and presumably 
related to local cerebral damage rather than to 
remote effects. 

It was unusual for a fit to be the sole sign of a 
developing haematoma, attacks occurring as a rule 
in patients already showing obvious signs of cerebral 
compression. However, a fit occurred during the 
evolution of three extradural haematomas among 
16 which presented with a lucid interval. In two of 
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these the fit was the first sign of deterioration, 
although other signs soon developed. In two other 
patients fits occurred in the post-operative phase, 
and in each a recurrent clot was proved to be 
forming. We conclude that an isolated fit with 
rapid recovery, and without other signs of cerebral 
compression, is very unlikely to be indicative of q 
developing intracranial clot, and would not of itself 
call for surgical exploration. 


LATE EPILEPSY 


Previous reviews have shown clearly that in the 
majority of cases the first fit is usually declared 
within two years of injury. In over 80% of the 
patients in the two most recent large series pub- 
lished of late epilepsy after head injury, the fits had 
occurred within this time. (Phillips, 1954; Gurdjian 
and Webster, 1958.) 

The study of the present series was begun four 
years after the last case was admitted. This led to 
the difficulty of tracing patients four to nine years 
after injury, but meant that once traced each case 
was a valuable addition to knowledge about the late 
effects of injury. In the circumstances it was not 
possible to attempt to follow all 896 survivors. It 
was decided instead to follow some which would be 
representative of the series as a whole, and some 
from groups about whose future we were especially 
interested. Thus all who had suffered from early 
epilepsy were followed, as well as those with 
depressed fractures, with haematomas, and with 
more than 24 hours post-traumatic amnesia. To 
balance this the first 100 consecutive patients with 
uncomplicated injuries and less than an_ hour’s 
amnesia were traced. Only patients followed for 
more than four years after the injury are discussed in 
the following sections dealing with the late follow-up. 

There were 275 patients followed, and 28 of them 
had one or more late fits (Table V). This number 


TABLE V 
RESULTS OF FOLLOW-UP FOR FOUR YEARS 

















ene | Satisfac- 7 % of ‘ 
- ota tory ate Followe 
Clinical Groups Survivors, Follow- | Epilepsy Cases with 
up Late Epilepsy 

Without Early Epilepsy 
Depressed fracture 56 44 7 16 
Post-traumatic am- 

nesia < 1 hour 

(uncomplicated) 100 100 1 1 
Post-traumatic am- 

nesia > 24 hours 

or haematoma (but 

without depressed 

fracture) 137 96 10 10:4 
Total without early 

epilepsy |} 293 240 18 7°5 

| | 

After early epilepsy | 38) C 35 | 10 28-5 
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{late epilepsies does not allow any detailed analysis 
{the various factors operating, but it is hoped to 

ake such a study later when other cases outside 
he present series will be included. However, some 
alid comment can be made on the groups followed 
recause of the high proportion of cases successfully 
raced. It is likely that the incidence of late fits 
ay have been lower in this series than in the 
ountry as a whole, because it was our practice to 
prescribe prophylactic phenobarbitone for patients 
whom we deemed likely to develop epilepsy, as it 
became clear which patients these were. 


Factors Influencing Incidence of Late Epilepsy 
It is immediately striking that the incidence of 


late epilepsy in those who had an early fit (28-5 %) 
‘was four times as great as in those who did not, 
although at least half of the latter had serious 
“injuries. By contrast the lowest incidence was in the 
mild, uncomplicated injuries (post-traumatic am- 


nesia less than one hour, no depressed fracture, and 
no haematoma) without early epilepsy, only one 
of 100 such cases followed developing a late fit. 

When, however, patients with mild injuries who 
had had an early fit were followed up a number 
proved to have late epilepsy as well, so that the 
overall incidence of late epilepsy in uncomplicated 
mild injuries was 45%. An analysis of this group 
revealed it to be composed entirely of children under 
the age of 8 years. All four children with a mild 
injury and an early fit had subsequent epilepsy, but 
none of the four patients over the age of 14 with 
this history had later epilepsy. Nor did the four 
adults with post-traumatic amnesia up to 24 hours 
and an early fit but an uncomplicated injury have 
late epilepsy. Furthermore, the one case of late 
epilepsy in the 100 mild injuries was a child of 11. 
There was not a single instance of late epilepsy in 


an adult (over 14 years) with less than 24 hours’ 
' post-traumatic amnesia even when there had been 


early epilepsy, unless there was either a depressed 


_ fracture or an intracranial haematoma. Even when 


cases with these complications were included, and 


_ the total number of patients with less than an hour’s 


post-traumatic amnesia (whether or not they had 
an early fit) was considered, this influence of age 
was apparent. For 10% of the 70 children under 14 
had late fits, compared with only 3-9 % of 76 patients 
over !4 years. 

When more serious injuries are considered the 
interdependence of various factors makes analysis 
in terms of causal relationships very difficult. For 
examnle, penetrating depressed fractures and acute 
subdi'ral haematomas tend to be associated with 
Prolonged post-traumatic amnesia. In any one 
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TABLE VI 


POST-TRAUMATIC AMNESIA AND LATE EPILEPSY 
(Cases with early fits included) 




















Without 
Post- Total With With Haematoma 
traumatic Late Intracranial| Depressed or 
Amnesia Epilepsy (Haematoma Fracture Depressed 
° t Fracture 
Less than | 11 . 3 an | 2 307 | 3. 
24 hours | jer (6-7 %) 15 (20%) 6 ( 8-3%) 110 (45%) 
More than | 16 ’ mS a 4° 3 4° 
24 hours | 113 (14-2%) 20 (35%) is (46°6%) a8 (3-4%) 
3 sey | 2 ossey !! ree | -& ate 
Total 275 (9-8 %) 35 (28-5 %) 52 (21-2%) 198 (41%) 














*One patient had haematoma and depressed fracture and appears 
in both columns. 

tOne patient with depressed fracture had unknown post-traumatic 
amnesia and appears only in totals. 


patient the prognosis must take all relevant factors 
into account. Nonetheless, certain connexions 
between the incidence of late epilepsy and these 
factors can be discerned. 

The initial impression that a long period of post- 
traumatic amnesia (more than 24 hours) contributed 
to a high incidence of late epilepsy (14-2% com- 
pared with 6°7% in less severe injuries) is a partial 
truth. For it was only when associated with a 
depressed fracture or intracranial haematoma that a 
strikingly high incidence was recorded (46:°6% and 
35%). Indeed in the 88 cases with a long period of 
post-traumatic amnesia but neither of these com- 
plications, the incidence was only 3-4%. Similarly 
depressed fracture of itself proved to have less in- 
fluence alone than the overall figures for late 
epilepsy (21:2%) suggest. It was only when accom- 
panied by a long period of post-traumatic amnesia 
that a really high rate of late fits occurred (46-6 %). 
As might have been anticipated penetration of the 
dura carried a high risk of fits. Of 44 patients with 
depressed fracture and without early epilepsy who 
were followed, 26 had non-penetrating injuries and 
two developed late epilepsy (7-7°%) whereas 18 had 
penetrating injuries and five developed epilepsy 
(28%). 

Intracranial haematoma was followed by late 
epilepsy in 28-5% of cases followed and this in- 
creased incidence was much less related to the 
duration of the post-traumatic amnesia than in the 
case of depressed fracture. The figures for long and 
short periods of post-traumatic amnesia were 35% 
and 20% respectively. Of the 35 survivors after 
intracranial haematoma followed, six (17%) had 
late fits, not having had them during the acute 
period, and altogether a third of them had fits at 
some stage. This high incidence might be anticipated 
with acute subdural and intracerebral haematoma 
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but an incidence of 25% with extradural haematoma 


alone should be noted. Of the 25 patients with 
subarachnoid haemorrhage who were followed five 


had late fits. 


Onset and Type of Late Epilepsy 


Generalized attacks were more common than 
focal (10 to six) and one case of undoubted temporal 
lobe epilepsy occurred. Of the 28 patients with 
late epilepsy, nine had several fits. Of the remainder, 
seven had only a single fit and the others two or 
three, and all of these were followed for seven years 
after the first fit. It seems, therefore, that the 
epilepsy does not tend to be severe. The persistent 
cases were among those whose first fit occurred 
within a year of injury. 

The time of onset of the epilepsy varied. By the 
end of the first year after the injury 50°% of the late 
epileptics had had their first fit, and 70% by the 
end of the second year. There were sporadic cases 
developing up to seven years. One case occurred 
between the eighteenth and twenty-fourth months, 
the “‘negative period” of Phillips (1954), who found 
no cases developing at this time. The same range 
was found among the eight cases of late epilepsy 
where there had also been early attacks, as in those 
who had only late fits. 


Role of Anticonvyuisants 


Such limited observation as we have been able to 
make suggests that phenobarbitone may be an 
effective prophylactic against late epilepsy. We 
have accurate information about not only the anti- 
convulsants prescribed for but that actually taken 
by 36 patients. This is a small but significant group 
consisting of a number of those who had early fits 
and were followed up, and also some who had late 
fits only, that is to say, a group with a proven 
epileptic predisposition. Of 24 who took drugs for 
six months or more, nine had one or more late fits. 
In six of these patients the first fit occurred as soon 
as the drug was withdrawn or temporarily omitted. 
Only one patient had a fit while taking pheno- 
barbitone. Of 12 patients who had no anticonvul- 
sants, six developed late epilepsy. The incidence of 
complications and severe injuries was approxi- 
mately equal in the groups with and without 
drugs. 

It seems that those patients where this study has 
shown to be predisposed to late epilepsy should be 
given anticonvulsants for a period of two years or 
so, which covers the period of onset of most cases. 
It is of interest to reflect that the time of onset of late 
epilepsy, and the speculations in regard to patho- 
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genesis which are based on this, may be Spurious 
It may be determined not only by the developmen 
of a particular pathological stage of the recovering 


brain but simply by the chance of discontinuing 
the drugs. : 












CONCLUSIONS 


It seems likely that the wide range of varying 
reports on the incidence of epilepsy after closed 
head injuries derives from the selection of cases. The 
incidence of early fits in this unselected series of 8] 
direct admissions was 3:9%. This figure, however. 
is of limited value when discussing the prognosis of 
any one patient. The risk of late epilepsy, for 
example, was considerable in those who had had 
early epilepsy, 28:5°%%. This was four times greater 
than the incidence of late epilepsy without early 
attacks and clearly a fit in the acute stage cannot bk 
ignored in prognosis. On the other hand, it was 
encouraging to find that early and late fits after 
trivial injuries were confined to children; and also 
that no adult with a mild cerebral concussion with 
less than 24 hours’ post-traumatic amnesia and 
without a depressed fracture or _ intracranial 
haemorrhage developed late epilepsy, even if there 
had been early fits. 

Early epilepsy was more frequent in cases with 
more than 24 hours’ post-traumatic amnesia, with 
depressed fracture and with intracranial haematoma: 
each of these factors alone appreciably increased the 
incidence. In the cases with intracranial haematomas, 
fits accompanied other signs of cerebral compres- 
sion. They were rarely the initial, and never the 
only, sign of such a complication. 

The influence of these three factors on late 
epilepsy was a little different. Intracranial haema- 
toma was the only factor which alone had a much 
greater incidence of late epilepsy than the group 
as a whole; nearly a third of the survivors had a 
late fit. Neither prolonged amnesia nor depressed 
fracture alone carried a very serious risk of epilepsy, 
but the two together made for the highest rate of late 
epilepsy of all the groups studied (46-6°%). The 
striking differences between the incidence of epilepsy 
after penetrating missile wounds (nearly 50°) and 
the low incidence among closed head injuries (3-6%,) 
has been noted many times before. This discrepancy, 
however, may be apparent only. Depressed fractures 
with a long period of post-traumatic amnesia or an 
intracranial clot with local compression are com- 
parable in their local intensity of injury to pene- 
trating missile wounds and it is interesting that the 
incidence of epilepsy in these groups should be 
comparable to the missile wounds series. This fact 
is lost in any large series of closed head injuries when 
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diluted with many cases of uncomplicated con- 
cussion. 

Phillips (1954) studied the time of onset of 
epilepsy and divided the onset of traumatic epilepsy 
into a primary phase within the first three months 
due to the immediate effects of the injury; a reac- 
tionary phase from three to 18 months in which the 
appearance of fits may be related to the recovery 
of damaged cells; and a secondary phase where fits 
appearing for the first time more than two years 
after the injury may be associated with cerebral 
The present series lends support to this 
division and indeed sharpens the distinction of the 


| primary phase. For in this series all but one case 
of early epilepsy developed within the first week. 


In severe head injuries we have noted frequently 
that the beginning of clinical improvement in a 
patient some weeks after injury may be accom- 
panied by the appearance of a fit, as if reintegration 
were taking place. Moreover, the appearance of 
epilepsy in a few cases years after the injury makes a 
different explanation, such as cortical scarring, 
rather than “integration” a likely one. Certainly 
the remarkable lag phase during the first three 
months when no fits begin calls for an explanation. 
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SUMMARY 


Observations on early and late traumatic epilepsy 
based on 1,000 consecutive cases of head injury 
not due to missiles are made. 

Some factors associated with early fits are analysed 
and the significance of the epilepsy is discussed. 


Our thanks are due to Mr. J. C. Scott, Director of the 
Accident Service, Radcliffe Infirmary, where these 
patients were admitted, and to Miss Sheila Nicholson 
for her invaluable help in the follow-up of these patients. 
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Foliowing von Gierke’s (1929) description of the 
hepatonephromegalic form of glycogen storage 
disease, Pompe (1932, 1933) and Kimmelstiel (1933) 
published reports of a cardiomegalic form (see 
Table I). Kimmelstiel’s case was the first in which 
deposition of glycogen within the cells of the nervous 
system was noted, and the two cases were the first in 
which glycogen deposition in skeletal muscle had 
been mentioned. Neither of these cases showed any 
clinical evidence of muscular involvement. In 1936, 
Wolff reported a case in which the muscles were 
described as poorly developed. In 1939, Giinther 
reported a case of an infant, 11 months old at the 
time of death, in whom widespread flaccid paralysis 
was a striking feature. Childs, Crosse, and Hen- 
derson (1952) reported a brother and sister who both 
died within the first two years of life from glycogen 
storage disease affecting the liver, heart, nervous 
system, and skeletal muscles, in whom progressive 
weakness was among the presenting symptoms. 
Krivit, Polglase, Gunn, and Tyler (1953) described 
two further similar cases. More recently Zellweger 
(1956) and Zellweger, Dark, and Abu Haidar (1955) 
have reported three cases presenting with a clinical 
picture suggestive of Werdnig-Hoffmann disease in 
whom a diagnosis of glycogen storage disease was 
established by chemical estimation of glycogen in 
biopsy specimens of muscle. Within the last two 
years Schnabel (1958) has reported a further case of 
hepato - cardio - neuromuscular glycogen storage 
disease in which the patient at 54 months of age 
showed scarcely any active movement. No case of 
glycogen storage disease has ever been reported as 
presenting clinically with symptoms of muscular 
involvement except in infancy, and although there is 
on record a single report (Antopol, Boas, Levison, 
and Tuchman, 1940) in which two brothers aged 
11 years and 15 years were shown to have been 
suffering from the cardiomegalic form of the disease, 
there was no suggestion of muscular weakness. 
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Thus the case we are about to report, if due, 
glycogen storage disease, appears to be unique j 
that the patient presented at the age of 21 wit 
symptoms of a myopathy and did not die until th 
age of 31 years. It will be seen that the histologic, 
findings differed considerably from those in ty 
infantile cases, and although evidence of the diseay 
was in fact present in repeated muscle biopsisf 
carried out during life, the dramatic lesions wer 
misinterpreted as indicating a parasitic infection ani 
prevented us from undertaking appropriate bio. f 
chemical investigations. 

We are, therefore, making this report in the hop 
that subsequent cases may be recognized durin § 
life and appropriate studies made. 
































Case Report 


Clinical History.—The patient was a young womu 
aged 31 years who was first seen by one of us in March 
1958, for investigation of weakness of the legs. 

She had noticed a difficulty in climbing stairs nin 
years before and at about the same time found difficuly F 
in rising from a chair. The weakness progressed ven 
slowly and the next symptom was difficulty in risin ff 
from a lying position. She noticed that the musculi § 
weakness was worse in very cold or hot weather, bul 



















Her 


there was no variation throughout the day. In the pal— 


three or four years the weakness of the legs had become & 
much worse and the knees would often give way — 
especially the right. 

In 1950, she attended the neurological clinic in another § 
hospital, where myasthenia gravis was suspected, bu § 
there was no response to neostigmine. The reason for § 
suspecting myasthenia seems to have been the occasional 
failure of her voice to a faint whisper, but she said tha & 
this had occurred since adolescence and it appears 0 
have been a functional aphonia. She had also had 
bilateral operations for dacryocystitis in childhood which 
had produced an appearance of her eyelids suggesting 
slight ptosis. A later diagnosis made in the same hospital 
was thyrotoxic myopathy, but at no time was ther 
convincing evidence of thyrotoxicosis. 

She was said to have had meningitis at the age 0! 
5 years, but this left no sequelae. In 1954, she had 
pneumonia and came under observation at a chest clinic. 
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SUMMARY OF REPORTED CASES OF GLYCOGEN STORAGE DISEASE AFFECTING MUSCLE 
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| 
Author | Date ce Liver | Heart Muscles | oe Muscular Symptoms 
Pompe | 1932 7/12 Not enlarged Enlarged 6 x 9-39 % glycogen | _ — 
Kimmelstiel 1933 $/52 Greatly enlarged Frosted appear- | Droplets of glycogen | Glycogen in — 
| al, g.) ance, vacuolate | uader sarcolemma nerve cells 
muscle fibres Abundant glycogen 
| in lymph spaces 
Humphreys and Kato | 1934 $/12 Enlarged, hepatic | Enlarged 5 x Vacuolated muscle a — 
cells, pale foamy | Hypertrophy and) fibres 
cytoplasm vacuolation of 
muscle fibres 
Wolff 1936 | $/12 | Enlarged Left ventricular | Vacuolated muscle _ Poorly developed 
| wall 1-4cm. fibres in tongue muscles 
| | thick Skeletal muscle not 
| examined 
35:3% of dry wt. 
fae glycogen 
Hertz and Jeckeln 1936 $/52 | Upper border of | Enlarged 2 x Round cell foci, — Picture of cretinism 
| normal weight Large amounts | vacuolated muscle 
| of glycogen in | fibres 
} muscle fibres 
| (vacuoles in 
formalin-fixed 
| | tissues) 
Giinther |} 1939 | 11/12 | Enlarged (325 g.) | Enlarged (75 g.) | Vacuolated, haema- -- Paralysis and 
| | Vacuolated paren- Vacuolated toxylin and eosin, atonia 
} | chymal cells muscle fibres blue-stained granules 
| in muscle fibres 
Antopol et al. | 1940 iSyr. | Large (1,850 g.) Enlarged 3 x Basophilic masses in —_ —_ 
} | Parenchymal cells, | Vacuolated mus-| centre of muscle 
| | foamy cytoplasm cle fibres, baso- | fibres staining posi- 
| | | philic substance | tively with Best’s 
carmine stain . 
Clementand Godman) 1950 6/12 | Enlarged, vacuola- | Enlarged 3 x Vacuolation, baso- | Nerve cells | Resembled cretin- 
| | tion, glycogen in | Glycogen in philic substance contain ism, mongolism, 
| liver cells muscle fibres, glycogen and finally amyo- 
; vacuolation tonia congenita 
Childs et al. |} $952 | 18/12 Enlarged, livercells| Enlarged 3 x Granular or fibrillar | Glycogenin | Atonia, areflexia 
; @) | vacuolated, glyco- | Perinuclear eosinophilic or baso- | nerve cells 
| gen in vacuoles clear spacescon-| philic material in 
taining eosino- | muscle fibres 
| phil material, 
| glycogen in sar- 
| coplasm . 
} (2) | 87/12 | Half normal size Enlarged 4 x As Case 1 but less | Glycogenin | Weak, atonia, 
ue | | (as Case 1) (as Case 1) basophilic material nerve cells areflexia 
Krivit et al. | 4953 | 19/12 | Enlarged, foamy | Enlarged, vacuo-| Vacuofation, fine i Retarded motor 
> @ | | parenchymal cells | lation of muscle | granules and amor- development, ’ 
| | fibres phous solid masses marked hyptonia, 
| | staining strongly with reduced muscle 
P.A.S. and _ Best’s bulk 
stain material ; 
1 @ | ta Enlarged as Case 1 | Enlarged 3x as | As Case l — Motor retardation, 
| se 1 hyptonia, hypore- 
| flexia, muscles soft 
and reduced in bulk 
Zellweger | 1956 | 310/12 — — Biopsy, no histology — Weakness, absent 
} @) | | but glycogen content reflexes, atrophy 
20x normal 
1 @ | S/i2 | — — No histology but — Weakness, promi- 
glycogen content nent muscles 
| | | 13x normal 
| (3) | 18/12 — — Vacuolated muscles — Weakness and 
| | fibres with basophilic hypotonia 
substance 
Schnabel | 1958 | 54/12 | Enlarged (275 g.) Enlarged 4 x Vacuolated muscle | Nerve cell | Scarcely any active 
| | Vacuolated mus- | fibres and basophilic | contains movement 
| | cle fibres substance glycogen 

















Tuberculosis was suspected, but not confirmed. She 
lost a good deal of weight after this respiratory illness. 
In 1957, she had another respiratory infection with a 
slight haemoptysis and tuberculosis was again suspected 
from the radiological appearances of the chest. In 
March, 1958, she had a right-sided pleurisy and was 
referred to one of us by Dr. T. M. Curran who had 
noticed her muscular weakness and wasting. 

On examination she was very thin, with generalized 
muscular wasting, but this was most pronounced in the 


quadriceps of both sides, which were extremely weak. 
She could not rise from a chair without using her arms. 
There was also bilateral weakness of dorsiflexion of the 
ankles. The posterior part of the left deltoid was notice- 
ably wasted and the erectores spinae were very weak. 

Upper limbs.—There was bilateral weakness of abduc- 
tion; tremor of outstretched hands; no fasciculation or 
fibrillary twitching; no sensory disturbance, supinator, 
biceps, and triceps jerks present but very weak ; abdominal 
reflexes present. 
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Genealogical table of the patient’s family. 
twice. 


Lower Limbs.—There was gross weakness and wasting 
of both quadriceps; marked weakness of dorsiflexion of 
ankles; adduction of thighs weak; knee jerks and 
adductor jerks absent; ankle jerks just present; plantar 
responses flexor; no sensory disturbances in legs; no 
muscular tenderness or oedema. 


Chest.—Slight dry cough, considerable dyspnoea on 
exertion, and a few basal rales and rhonchi. 

Pulse rate was 68 per minute and very irregular due to 
extrasystoles, which were confirmed by an E.C.G. 
showing ectopic beats from various origins. Blood 
pressure was 120/75 mm. Hg. There was no oedema or 
evidence of congestive heart failure. Urine was normal. 
The liver was not palpable. 


Investigations and Progress.—Strength duration curves 
from the right palmaris longus and the peroneus longus 
were within normal limits. Electromyography on the 
right palmaris longus showed a reduced interference 
pattern with long-duration polyphasic potentials of 
rather high voltage. The right peroneus longus also 
showed a reduced interference pattern especially on 
fatigue. These findings suggested a denervation which 
it was thought might be secondary to chronic myositis. 
There was no improvement in the muscular weakness 
after giving 10 mg. of tensilon intravenously. There was 
no resistance to decamethonium (C10), respiratory 
embarrassment developing after 14 mg. intravenously. 

A blood count was normal. The E.S.R. was 10 mm., 
the Wassermann reaction was negative. The cerebro- 
spinal fluid was slightly contaminated by red cells, but 
otherwise normal. 





It will be noted that the 





@ Ores in mfancy or early adult life 
of pneumonia or heart disease’ 


ol The patient. 


patient's mother married g Examined. 


Q Other members of family 


Muscle biopsies were performed on the right palmaris 
longus and vastus internus on April 11, 1958. Both 
muscles appeared normal and had a well-defined motor 
point. With haematoxylin and eosin staining the speci- 
men from the palmaris longus appeared entirely normal. 
The specimen from the vastus internus showed a moderate 
to severe degree of atrophy of scattered muscle fibres. 
About one-tenth of the muscle fibres showed a basophilic 
material which occupied the centre of the fibre and 
assumed either a spiral form or appeared as numerous 
smoothly contoured but irregularly shaped flakes which 
might be more or less fused together (Fig. 1). In the 
broader fibres this material occupied only the centre, 
being sharply separated from the myofibrils which 
appeared entirely normal. In the more slender muscle 
fibres the myofibrils had completely disappeared, the 
basophil material occupying the entire sarcolemmal 
sheath. The material did not fluoresce in ultra-violet 
light after staining with acridine orange by Armstrong's 
technique (Armstrong, 1956). Vital staining with 
methylene blue showed an excess of branching within the 
terminal intramuscular nerve bundles together with 
examples of collateral reinnervation and formation of 
multiple end plates on single muscle fibres. There were 
also axonal tangles on the surface of the muscle fibres 
of the type called neurocladism by Coérs (1955). Radio- 
graphs of the soft tissues showed no calcification in 
muscies. The basophilic material in the muscle fibres 
was at first thought to be parasitic in origin and to 
resemble the intramuscular cysts of sarcosporidiosis 
(Fig. 2b). However, the dye test and complement-fixation 
test for sarcosporidia and toxoplasma were negative. 
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A course of daraprim, sulphadiazine, and cortisone 
had no effect on the muscular weakness and produced a 
moderate degree of anaemia. 

The patient had left hospital when the nature of the 
material in the muscle fibres was determined and before 
she could be admitted again she died suddenly after 
developing influenza two days before. It seems probable, 
in view of the necropsy findings, that the cause of death 
was a sudden failure of the myocardium which was 
heavily infiltrated with polysaccharide. 

No muscular weakness or wasting is known to have 
occurred in any members of the family, but as can be 
seen from the genealogical table there are a number of 
deaths at an early age from conditions vaguely referred 
to as pneumonia and heart disease. 

Ten members of the family were examined but no 
myopathy was detected. The patient’s mother is aged 70 
and has auricular fibrillation and ischaemic heart 
disease, but no other member of the family examined 
had heart disease. 

The blood glycogen level in the patient’s mother, the 
son aged 43 by her first and the surviving daughter by 
her second marriage, were 6:1 mg., 5-4 mg., and 14-6 mg. 
respectively, i.e., within the limits of normal. No glucose- 
6-phosphate was found in the blood from the mother as 
would be expected if there was a deficiency in glucose-6- 
phosphatase. 


Post-mortem Examination 

Post-mortem examination performed at Hammerwich 
Cottage Hospital showed the body to be that of a well- 
nourished, lightly built young woman with scars of 
biopsies over both vastus internus muscles and the right 
palmaris longus. The brain was removed and fixed 
undissected. The trunk muscles and some proximal limb 
muscles showed a patchy pallor which was most marked 
in the rectus abdominis. The oblique abdominal muscles, 
and especially the quadriceps on the left side, showed 
practically no recognizable muscle tissue. The pectoralis 
major on both sides showed patchy areas where it had 
an appearance similar to that of smoked salmon, and 
some fasciculi were quite transparent. The lungs showed 
light pleural adhesions and were fixed undissected. The 
heart appeared normal, but the muscle, especially in the 
interventricular septum, was rather lighter than usual. 
The liver showed marked pallor. The spleen was normal. 
The kidneys were congested. There were some small 
haemorrhagic para-aortic lumph nodes. The suprarenals 
were normal. A piece of lung was taken and smears 
stained by Gram’s and Ziehl-Neelsen’s methods. Aerobic 
and anaerobic cultures were set up on blood agar and on 
Sabourand’s and Loewenstein’s media. 

A mouse was injected intraperitoneally with a saline 
homogenate of the lungs, and a guinea-pig with material 
treated by the antiformin method. No organisms were 
seen in the smears and the cultures all remained sterile. 


Dissection of Lungs after Fixation.—The right lung 
was much more severely affected than the left. The 
right lower lobe showed small white foci up to 3 cm. in 
diameter surrounded by a red hyperaemic margin. This 
lesion had the appearance of the acinous-nodose lesions 


4 


ADULT MYOPATHY SUGGESTING GLYCOGEN STORAGE DISEASE 


305 





of tuberculosis and extended to the diaphragmatic and 
lateral pleura. Surrounding and spreading to the medial 
aspect of the right lower lobe were areas up to 3 cm. 
in diameter where the cut surface of the lung presented a 
homogeneous grey, ground-glass appearance. The upper 
lobe on the right side presented a smaller number of 
whitish, irregularly-shaped foci, measuring up to 0-5 cm. 
in diameter, and situated just above the interlobar fissure 
which was completely occluded by fibrous tissue. The 
left lung showed only a few such foci but there was a 
rectangular area 1 cm. in diameter in the upper part 
of the lower lobe which had the appearance of an 
anthracotic scar and contained three pin-head-sized 
circular chalky foci, possibly with completely calcified 
centres. 


Histology 


Ocsophagus.—Part of the epithelial lining was 
desquamated, but no abnormality was found in muscle. 


Thyroid.—Great irregularity was seen in the size of 
acini, most of which contained colloid which in some 
acini had retracted away from the epithelium. This 
consisted mostly of a single layer of cuboidal cells, which 
had sometimes been shed into the lumen where they 
mingled with the colloid and on occasion occupied the 
entire acinar lumen. There was probably an increase 
in the interstitial fibrous tissue but this was nowhere 
more than slight. 


Spleen.—The pulp was extremely congested with 
marked erythrophagocytosis. The Malpighian corpuscles 
were small and composed of lymphocytes. 


Lungs.—In the areas which on cross-section had a 
smooth gelatinous appearance (right lower lobe), many 
alveoli were filled with serous material containing in 
some areas large numbers of pyknotic nuclei probably 
derived from leucocytes and histiocytes. In some areas 
the alveolar exudate appeared to be undergoing organiza- 
tion into fibrous tissue. In other parts of this lobe there 
were epitheloid cell tubercles with Langhans’ type 
giant cells and with a small number of lymphocytes at 
their periphery. These tubercles did not show caseation 
but occasionally presented as islands of tissue surrounded 
by large areas of oedema. The whitish lesions in the 
right upper lobe were encapsulated foci of caseation. 
There was little P.A.S.-positive material apart from the 
central portions of the cytoplasm of the Langhans’ giant 
cells. 


Cutaneous Nerve.—A cutaneous nerve, probably the 
ulnar, did not show any abnormality. 


Uterus.—No abnormality was seen. 


Heart Muscle.—Apart from small areas of interstitial 
fibrosis where there appeared to be some loss and 
atrophy of muscle fibres, the only changes were in the 
muscle fibres themselves. The most striking abnormality 
were the large numbers of. muscle fibres containing a 
homogeneous basophil material (Fig. 3) which almost in- 
variably occupied only the central part of the fibre so that 
a rim of entirely normal looking myofibrils remained. 











(b) 


Fic. 1.—Biopsy specimen from the right vastus internus. FiG. 2 (a).—Post-mortem specimen from right pectoralis major. The 
Amorphous basophil material, surrounded by normal amorphous basophil material is granular-floccular and occupies the 
looking myofibrils, occupies the centre of several centre of the muscle fibre. The adjacent myofibrils appear normal, 
muscle fibres. One muscle fibre shows three sub- Haematoxylin and eosin » 220. 
sarcolemmal deposits of the material. Haematoxylin (6) Muscle fibres from a case of sarcosporidiosis, for comparison 
and eosin x 400. with 2 (a). Haematoxylin and eosin 110. 


Fic. 3.—This and remaining illustrations are of post-mortem Fic. 4.—Pectoralis major: in this section the basophil material is both 
specimens. Heart muscle. Almost all the muscle fibres free within the muscle fibre and also within histiocytes, although 
contain amorphous basophil material. Haematoxylin these are still enclosed by sarcolemma. Haematoxylin and eosin 
and eosin « 500. 500. 


on 


Fic. 5.—Pectoralis major: the basophil material is strongly 
P.A.S. positive. Periodic-acid-Schiff » 500. 


Fic. 6.—Pectoralis major: most of the basophil material is brilliantly 
scarlet, but some of the free-lying material stains largely with the 
haematoxylin counterstain. Best’s carmine stain = 440. 
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Fic. 7.—Kidney: P.A.S.-positive material 
infiltrates the basement membrane of the 
glomeruli and convoluted tubules and is 
present in the lumen of the latter. This 
material stains blue in haematoxylin and 
eosin preparations. Periodic-acid-Schiff, 

240. 


Fic. 8.—Liver: large areas show vacuolation 
of the parenchymal cells. Periodic-acid- 
Schiff x 160. 


Fic. 9.—Liver: vacuolated parenchymal 
ceils containing fine basophil granules, 
together with less severely affected cells 
containing finely vacuolar basophil 
material almost but not completely 
filling the cell and closely resembling that 
seen in Harriman and Millar’s cases of 
familial myoclonic epilepsy. Haematoxy- 
lin and eosin x 750. 
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TABLE II 
APPEARANCE OF BASOPHIL MATERIAL 





Stain or Test 





Heart Muscle 





Skeletal Muscle Remarks 








Haematoxylin and eosin 
Schiff without periodic acid 
Periodic-acid-Schiff with acetylation | 
Periodic-acid-Schiff 

Diastase 

Toluidine blue 


Mauve to blue 
Very pale mauve 
Slightly more intense pink 


Totally resistant 
Not metachromatic 


Alcian blue Very pale blue 


Millon’s reagent Negative 

Sudan black B Colourless 

Best’s carmine stain Brilliant maroon, strongly 
positive 





Intense scarlet magenta + + 4 


Mauve to blue 

Colourless Not free aldehyde 

Colourless 1: 2 glycol grouping 

Intense scarlet magenta + + +4 Carbohydrate 

Totally resistant Not normal glycogen 

Not metachromatic Not acid mucopolysaccharide or 

hyaluronic acid or chondroitin 

sulphuric acid 
Not acid mucopolysaccharide or 
hyaluronic acid, could be 
mucoprotein or neutral muco. 
polysaccharide 

— Not lipoprotein or mucoprotein 

Not lipoprotein 

Glycogen-like substance 


Colourless 


Colourless 
Scarlet but not so intensely 
Staining as in cardiac muscle, 
sometimes only stained ‘with 
haematoxylin counterstain 





The material had a quite irregular outline and usually 
stained a pale greyish blue with haematoxylin and eosin, 
though occasionally it stained more intensely and had a 
purple tinge. Within some muscle fibres the material was 
in the form of a single mass, but most commonly it was 
broken up into “flakes”. Many of the muscle fibres con- 
tained lupofuscin and this was also present in some of the 
fibres containing basophil material, but the appearances 
did not suggest that the lipofuscin was a precursor of the 
basophil material. The staining reactions of the latter 
are given in Table II and suggest that it is a neutral 
mucopolysaccharide. 

The high incidence of the degeneration was indicated 
by the ease with which high-power fields could be found 
in which more than a third of the muscle fibres contained 
basophil material (see discussion). 

Skeletal Muscle.—There was marked inequality in the 
size of the muscle fibres of the right pectoralis major, 
extremely slender muscle fibres being intermingled with 
less atrophic and normal sized fibres. Fibrous tissue was 
only slightly increased and was only at all marked where 
muscle fibres had completely disappeared. The surviving 
muscle fibres showed infiltration with the same sort of 
basophil material as was seen in the muscle biopsies 
(Fig. 4). It was present in the intrafusal as well as the 
extrafusal muscle fibres and stained brilliantly magenta 
with the periodic-acid—Schiff technique (Fig. 5). By 
this method it was particularly easy to pick out columns 
of histiocytes distended with mucopolysaccharide 
material which in haematoxylin-and-eosin-stained sections 
resembled closely the histiocytes seen in myositis. In 
myositis, however, the basophil material (probably ribose 
nucleic acid) does not give a positive reaction with P.A.S. 
staining and fluoresces red with acridine orange on 
fluorescent microscopy, while in this case the contents 
of the histiocytes, as well as most of the free-lying 
material in the muscle fibres, did not fluoresce at all. 
There was, however, a fine stippling of some of the non- 
fluorescing ‘* basophil ’’ material with particles fluorescing 
red. With Best’s carmine stain, most of the material 
both lying free in the muscle fibres and within the histio- 

cytes stained red but not as intensely as in the muscle 









fibres of the heart. It appeared more finely granular 
than in P.A.S. preparations. Some of the more flaky 
material lying free in the muscle fibres stained pale blue 
in preparations stained with Best’s carmine and counter- 
stained with haematoxylin. 

The peroneus brevis, which was cut transversely, 
showed no abnormality apart from the presence in about 
one-third of the muscle fibres of basophil material, 
mostly in the centre of the muscle fibres but occasionally 
under the sarcolemma. 

The greater part of the left vastus internus had been 
converted into adipose tissue in which were scattered 
small fasciculi containing muscle fibres showing varying 
degrees of atrophy, each being surrounded by fibrous 
tissue. 


Kidney.—The most striking features were the basophil 
staining of the basement membrane of some of the 
glomeruli and convoluted tubules and the presence of 
amorphous basophil material in the lumen of some of 
the convoluted tubules (Fig. 7). The basement mem- 
brane was not definitely thickened but appeared more 
prominent than normally because of its abnormal 
staining. The basophil material was Schiff-positive. 


Liver.—In paraffin sections groups of cells not clearly 
related to any part of the lobule showed a remarkable 
vacuolation leaving them deprived of all contents apart 
from a few fine, pale pink, floccular granules; at the 
same time the cell membrane was strikingly well pre- 
served and showed a polygonal outline quite unlike the 
circular outline of the vacuoles in fatty infiltration of the 
liver (Fig. 8). The nuclei of the affected cells had either 
a normal appearance or were hypochromatic. Other 
cells showed a less complete fine soap-bubble vacuolation. 
The affected area, which usually did not quite fill the 
whole cell, stained slightly basophil as compared with the 
peripheral rim of normal looking cytoplasm (Fig. 9). 
This appeared to be an earlier stage of the complete 
vacuolar degeneration referred to above. With periodic- 
acid-Schiff staining this basophilic material stained 
brilliant scarlet-magenta. It is probable that a high 
proportion of this material was glycogen as it was indeed 
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vacuolated cells were P.A.S. positive and also diastase 


However, the granules in the 


resistant. They may therefore be considered patho- 


logical and are probably closely related to the basophil 


material in the muscle fibres of the heart. 


Discussion 


The findings in this case differ from most cases of 
cardiomuscular glycogenosis described previously 
in the absence of vacuolation in the heart and 
skeletal muscle fibres. That this may be related to 
the age of the patient is suggested by the similar 
appearances in the heart muscle of the first patient 
(aged 15 years) reported by Antopol and his co- 
authors. The nature of the basophilic material 
present in the cardiac and skeletal muscle fibres is 
obscure. It differs more strikingly from glycogen 
than the substance deposited in the liver cells in 
being resistant to autolysis, water, and the action 
of diastase. Our histochemical findings suggest that 
it is a neutral mucopolysaccharide, but Schnabel, 
who made a very detailed histochemical study of the 
material in his infantile case, agreed with Dark 
(Zellweger, et al., 1955) that the basophilic material 
in their case was free acid mucopolysaccharide since, 
unlike the material in our case, it showed strong 
metachromasia with toluidine blue. The variation 
in intensity of staining with Best’s carmine stain in 
the skeletal muscles suggests that the composition 
of the material is not the same in all tissues or even 
in the same tissue. The apparent differences in 
solubility or resistance to autolysis of the material 
infiltrating the liver cells and the cardiac muscle 
fibres leads to the same conclusion. 

A similar material is encountered in the heart 
muscle in increasing age, thyroid deficiency, and 
the familial myoclonic epilepsy of Unverricht. 


Basophilic Degeneration of Myocardium with 
Increasing Age.—The occurrence of this material 
in heart muscle appears to have been reported first 
by Hewitt (1910) in two cases in which no other 
evidence of myocardial disease was present. 
Haumeder (1935), in an extensive study of 320 cases, 
found some fibres with basophilic degeneration in 
nearly a third of the cases. Ninety-five per cent of 
the patients whose hearts showed this change were 
in the 40-80 year age group. Liebegott (1937) also 


found basophilic degeneration in 42°% of 50 hearts. 


Umeda (1940) found this degeneration in 60 out of 
83 hearts examined with Patzelt’s stain and in 
80:7°% of 145 cases using Bauer’s stain and sug- 
gested the term “‘mucoid degeneration of the heart’’. 
Spencer (1950) was also impressed by the increased 
incidence of the degeneration in the higher age 
groups, all except four out of 30 cases being over 


ADULT MYOPATHY SUGGESTING GLYCOGEN STORAGE DISEASE 


309 





the age of 50. He thought that the condition was 
probably akin to the mucoid degeneration known 
to occur in the media of the aorta and large arteries. 
Shiozawa in two recent studies (1958) of 300 un- 
selected necropsies found ‘* mucopolysaccharide 
degeneration ’’ in 85%. No correlation was observed 
between mucopolysaccharide degeneration and 
specific or cardiac diseases. He also noticed an 
increasing incidence with advancing age, the inci- 
dence being 96:4% in the third decade. It must be 
stressed that in all these series there was no mention 
of the number of muscle fibres affected and it is 
unlikely that the amount of basophilic material 
present ever approached that seen in our case. 


Basophilic Degeneration of Myocardium and 
Myxoedema.—Deposits of a basophilic material in 
the heart muscle in cases of polyglandular dys- 
function and myxoedema have been reported 
by Dietrich (1941), Doerr and Holldack (1948), and 
Brewer (1951). Doerr and Holldack considered its 
presence a specific myxoedematous change, but in 
view of the facts mentioned in the preceding para- 
graph, some statistical data were clearly needed. 
These were provided by Fisher and Mulligan (1943) 
who devised a basophilic degeneration index, viz., 
the number of muscle fibres showing this degenera- 
tion in an area of 10-28 sq. mm. of a 6 thick section. 
In 11 cases without myxoedema showing the most 
fibres with basophilic degeneration out of a control 
series of 67 cases without disease of the thyroid, 
the average basophilic degeneration index was only 
7:7. In eight cases with atrophy of the thyroid 
gland the index was 40:5. It is clear, therefore, that 
myxoedema increases the tendency to this form of 
degeneration. 

In our case we studied in a P.A.S.-stained section 
two areas: (1) a relatively lightly affected area of 
16:32 sq. mm., which yielded 263 muscle fibres with 
basophilic degeneration, and (2) a more severely 
affected area of 4:08 sq. mm. which contained 703 
degenerated muscle fibres. Thus there were 966 
basophilically degenerated muscle fibres in an area 
of 20:4 sq. mm. giving a basophilic degeneration 
index of approximately 950, i.e., far in excess of 
what occurs in myxoedema. In any case, our patient 
showed no clinical evidence of myxoedema and the 
thyroid gland was histologically normal. 

It is certain, therefore, that the mucopolysac- 
charide deposition in the cardiac muscle fibres in 
the cardiomegalic form of glycogen storage disease, 
as exemplified by our case, greatly exceeds that seen 
in even the most severely affected myxoedematous 
heart. The fact that the basophilic substance is 
indistinguishable in myxoedema from that seen in 
cardiomegalic glycogenosis is not necessarily to be 
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interpreted as indicating a similar metabolic disorder 
in the two conditions but merely the inadequacy of 
current histochemical techniques to distinguish 
between different polysaccharides. The need to 
differentiate between thyroid deficiency and neuro- 
muscular glycogenosis is of more than scientific 
interest, as the infant suffering from the latter 
condition may present a clinical picture closely 
resembling that of cretinism, especially as swelling 
of the tongue is common to both conditions. In 
this connexion, three cases of **‘ cretinism *’ in which 
a basophilic material was found in the skeletal 
muscle fibres (Marchand, 1906; Schultz, 1921) 
arouse the suspicion that they may really have been 
cases of glycogenosis although there was said to have 
been histological evidence of thyroid atrophy. These 
are the only reports in the literature we have been 
able to find of basophilic degeneration of skeletal 
muscle in thyroid deficiency. It is unfortunate that 
Marchand’s report was not illustrated and Schultz’s 
insufficiently detailed to determine how closely the 
muscular changes resembled those seen in our 
cases. 


Criteria for Diagnosis of Glycogen Storage Disease 
in Our Case.—From the above discussion it will be 
seen that deposition of basophilic material in the 
heart muscle and even skeletal muscle is not a 
sufficient basis for a diagnosis of glycogen storage 
disease. In support of this diagnosis in our case, it is, 
therefore, necessary to point out (1) that the amount 
of basophilic material in the heart muscle was 
greater than has ever been described in any con- 
dition other than glycogen storage disease ; (2) that 
the liver showed the characteristic changes of 
glycogen storage disease (compare our Figs. 8 and 9 
with Fig. 3 of Krivit and co-authors). 


Basophilic Degeneration of Myocardium in Familial 
Myoclonic Epilepsy.—The changes in the heart 
muscle in our case closely resemble those seen in 
cases of familial myoclonic epilepsy by Harriman 
and Millar (1955). In this condition epilepsy followed 
by almost continuous jerkings develops at or about 
the time of puberty. In 11 of the 22 cases listed by 
Harriman and Millar the curious bodies known as 
Lafora bedies and believed to be composed of an 
acid mucopolysaccharide were diffusely present 
within the nerve cells of the central nervous system. 
It is of some interest, therefore, that the basophilic 
deposits in the heart and skeletal muscle in glyco- 
genosis are also believed to be a mucopolysaccharide. 
More interesting, however, is the remarkable 
similarity between the changes in the heart muscle 
and liver in Harriman and Millar’s cases and those 
seen in the case reported in this paper. It gives 
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ground for suggesting that evidence of a disorder 
of glycogen metabolism should be looked for jp 
future cases of familial myoclonic epilepsy. In viey 
of the presence of a basophilic substance in the 
basement membrane of the glomeruli and in the 
lumen of the renal tubules in our case, we would 
also recommend not only in cases of myoclonic 
epilepsy but also in obscure myopathies of adult 
life that the urine should be examined for the presence 
of mucopolysaccharides. 

One last condition requires to be mentioned. This 
is the ** myopathy due to a defect in muscle glycogen 
breakdown ”’ described in 1951 by McArdle. In this 
condition there appears to be a failure of glycolysis 
so that glycogen is not broken down to pyruvic and 
lactic acid. Unfortunately, no biopsy was performed 
in McArdle’s case and no biochemical studies in 
our own. However, in view of the fact that in 
McArdle’s case one might anticipate an accumula- 
tion of glycogen in the muscles, it seems worth 
mentioning that the subsarcolemmal deposits of 
basophilic substance in the biopsy (Fig. 1) from our 
case have a certain similarity to the subsarcolemmal 
blebs recently reported in a muscle biopsy from a 
case of McArdle’s myopathy by Schmid and 
Mahler (1959). 

















































Summary 


A case presenting as a cardio-skeletal myopathy 
in adult life with features suggestive of glycogen 
storage disease was studied by muscle biopsy and 
at necropsy 10 years after the onset. 

The histological findings resembled those seen 
in infantile cases of the cardio-skeletal muscular 
form of glycogen storage disease except that vacuola- 
tion was not present in the myocardium and affected 
skeletal muscles. The most striking feature was the 
infiltration of cardiac and skeletal muscle with a 
basophilic substance which appeared to be a neutral 
mucopolysaccharide. A similar material is found in 
the myocardium with increasing age and particularly 
in myxoedema, but in much smaller quantities. 

The changes in the liver and heart muscle resem- 
bled those previously reported in familial myoclonic 
epilepsy. There was also histological evidence of 
excretion of a mucopolysaccharide, suggesting that 
such substances should be looked for during life in 
cases of the last-named condition as well as in 
obscure myopathies occurring in adult life. 


We are indebted to Dr. H. T. Fawns (Worcester Royal 
Infirmary) for carrying out the biochemical estimations, 
and to Dr. R. A. Goodbody for Fig. 2h. 

Our thanks are due to Mr. Derek Hayward for 
histological and to Mr. Gordon Gasser for photographic 
assistance. 
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CHANGES IN NERVE CONDUCTION WITH ULNAR 
LESIONS AT THE ELBOW 


BY 
R. W. GILLIATT and P. K. THOMAS 


From the Department of Applied Electrophysiology, the National Hospital, Queen Square, London 


Ulnar nerve lesions at the elbow can usually be 
recognized by a characteristic combination of 
physical signs. In the hand, there is wasting and 
weakness of ulnar-innervated muscles with or with- 
out sensory loss of appropriate distribution; in the 
forearm there is often weakness of the ulnar- 
innervated portion of the flexor digitorum profundus 
and sometimes of the flexor carpi-ulnaris. Further 
confirmation may be provided by the presence of 
deformity or arthritic change in the elbow joint with 
palpable thickening of the nerve trunk in the ulnar 
groove. In such cases ancillary methods of diagnosis 
are seldom necessary, but in others the physical 
signs may be less obvious and any technique which 
assists localization deserves serious consideration. 
Changes in motor nerve conduction in a patient 
with an ulnar nerve lesion at the elbow were first 
reported by Simpson (1956) who found that con- 
duction was slowed through the affected region but 
that it was relatively normal both above and below 
it. A different approach to the study of nerve 
conduction was provided by the work of Dawson 
and Scott (1949) and Dawson (1956) on the direct 
recording of nerve action potentials, and Gilliatt 
and Sears (1958) showed that in patients with ulnar 
nerve lesions at the elbow abnormalities of the 
nerve action potential were present which might 






conduction time (for explanation, see text). 


Fic. 1.—Diagram illustrating placement of stimulating and recording electrodes for measurement of motor nerve 
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be particularly valuable in the diagnosis of mild 
cases. 

Since January, 1956, we have studied 14 patients 
in each of whom the presence of an ulnar nerve lesion 
at the elbow was well established on clinical grounds, 
In these patients we have used the techniques 
developed by Simpson and by Dawson to study 
nerve conduction and our results form the subject 
of the present paper. In addition we have found it 
necessary to obtain more information about the 
range of normal variation and have made a series of 
control observations which will be described. 


Methods 


Details of the methods employed have been described 
by Gilliatt and Sears (1958) and Thomas, Sears, and 
Gilliatt (1959) and only a summary is given here. 


Motor Nerve Conduction.—The ulnar nerve was 
stimulated with single shocks using surface electrodes 
placed on the skin over the nerve trunk. The stimulus 
was a brief condenser discharge locked to the time-base 
of the oscilloscope and delivered through an isolating 
transformer; its time constant was varied in different 
experiments from 50 to 150 microseconds with a voltage 
range of up to 300 volts. In the control subjects the 
stimulus intensity used was such that all motor nerve 
fibres to the muscle under examination were activated, 
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put in some of the patients with ulnar lesions the elec- 
trical thicshold was raised to an extent which made it 
impossible to stimulate more than a proportion of the 
nerve fibres even when using the maximum stimulus 
intensity tolerated by the patient. In every case the 
stimulating cathode was a pad electrode | cm. in diameter 
and the anode a metal plate placed on the skin at a 
point remote from the nerve. 

Three standard positions for the stimulating cathode 
were adopted (Fig. 1). The position S! was at or just 
above the wrist; position S2 was 3-6cm. above the 
medial epicondyle; position S3 was in the axilla. It is 
thus evident that although S2 may be referred to simply 
as the * elbow ” stimulus, the segment of nerve between 
$1 and S2 includes that part of the nerve which lies in 
and just above the ulnar groove. In previous publications 
this has been referred to as the forearm segment, but it 
would be more correct to refer to it as the forearm-and- 
elbow segment and, in order to avoid confusion, this 
latter term is used throughout the present paper. Inter- 
electrode distance was measured on the surface of the 
limb; this must necessarily introduce some error, the 
importance of which has been discussed in a previous 
paper (Thomas ef al., 1959). 

The muscle response to nerve stimulation was recorded 
through a coaxial needle electrode placed in the abductor 
digiti minimi or the first dorsal interosseus muscle. 
After suitable amplification, muscle action potentials 
were displayed on one beam of a double-beam oscillo- 
scope, the second beam being used to provide a time 
scale. The interval between the onset of the stimulus 
artefact and the initial deflection of the muscle action 


potential was measured from photographic records. 


Recording of Nerve Action Potentials.—In most cases 
three separate segments of the ulnar nerve were examined 
(Fig. 2). For examining conduction between the fifth 
finger and the wrist, the digital nerves were stimulated 
through ring electrodes and the action potential of the 
afferent volley recorded by means of surface electrodes 
placed over the nerve trunk just above the wrist (Fig. 2A). 
Stimulation of the finger with recording above the elbow 
did not prove satisfactory owing to the small size of the 
potential obtained in normal subjects, and when exam- 
ining conduction over the forearm-and-elbow segment, 
we have preferred to stimulate the nerve trunk at the 
level of the wrist (Fig. 2B). For this purpose the same 
wrist cathode was used as for motor stimulation (S1 in 
Fig. 1), the anode being a similar electrode placed on the 
hypothenar eminence. Surface recording electrodes were 
placed over the ulnar nerve just above the elbow with 
the lower recording electrode of the pair in the same 
position as the stimulating cathode S2 in Fig. 1; thus 
the wrist-elbow segment again included the elbow region 
itself. In order to examine ulnar nerve conduction 
above the suspected level of the lesion, the stimulating 
and recording positions shown in Fig. 3C were adopted, 
the stimulating cathode being in the same position as 
S2 in Fig. 1. With this arrangement, excessive stimulus 
artefact was sometimes troublesome and we found it 
advantageous to shave the axilla and place the recording 
electrodes as high as possible with the arm abducted 
to a right angle. With the recording electrodes in the 
apex of the axilla, potentials from the median and 
ulnar nerves could usually be recorded with equal 
facility and great care was necessary when placing the 
stimulating electrodes over the ulnar nerve just above 








Fic. 2.—Diagram illustrating placement of electrodes for the recording of ulnar nerve action 


potentials (for explanation, see text). 
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the elbow to avoid cross stimulation of the median 
nerve. 

At all three levels in the limb, the surface recording 
electrodes used were of the same pattern as those de- 
scribed by Dawson and Scott (1949) with a fixed inter- 
electrode distance of 3 cm. 

It will be clear from the preceding paragraphs that 
with the electrode arrangement shown in Fig. 2A the 
potential recorded at the wrist is derived solely from 
impulses travelling in afferent fibres, whereas with the 
electrode arrangements shown in Figs. 2B and 2C, 
antidromic impulses in motor fibres also contribute to 
the recorded action potentials. 


Results in Control Subjects 


Although some control measurements of both 
motor and afferent nerve conduction were already 
available, we found it necessary to obtain further 
information about the range of normal variation 
particularly with regard to conduction in the upper 
arm. As before, control observations were made 
not only on healthy subjects working in the labora- 
tory but also on the unaffected nerves of patients 
presenting isolated peripheral nerve lesions, no 
difference being found between the results obtained 
in staff and patients. The ages of the control 
subjects varied from 18 to 62 years, the age distribu- 
tion being generally similar to that of our previous 
series (cf. Table II of Thomas et al., 1959). 


Motor Conduction.—Results from the 15 subjects 
examined are shown in Table I, in which our previous 
control measurements are also summarized. From 
Table I it can be seen that whereas conduction time 
from the wrist to the first dorsal interosseous muscle 
was appreciably longer than from the wrist to the 
abductor digiti minimi (Ebeling, Gilliatt, and 
Thomas, 1960), the conduction velocity of the two 
groups of nerve fibres in the forearm did not differ 
significantly (Thomas et al., 1959). In the present 
series, conduction in fibres to the abductor digiti 
minimi was examined in 12 and in fibres to the first 
dorsal interosseous muscle in three subjects; in view 
of the small total number, results for all 15 are 
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presented together in Table I and it is satisfactory 
that the mean forearm velocity for this combined 
group agrees closely with the forearm values 
obtained previously. 

In each of the 15 subjects in the present series, 
conduction velocity has been determined for the 
ulnar nerve in the upper arm as well as in the forearm- 
and-elbow segment. For the upper arm, the range 
of conduction velocity was 50 — 73-9 m./sec. and 
the mean 59-8 + 6:1 m./sec., whereas for the fore- 
arm-and-elbow segment the range was 47:5 — 64:8 
m./sec. with a mean of 54:5 + 5-5 m./sec. The 
difference between the means, although small, is 
statistically significant (P = 0-02). 


Nerve Action Potentials.—For both the forearm- 
and-elbow and the upper arm segments of the ulnar 
nerve, control observations were made in 15 subjects 
and on each occasion a diphasic or triphasic action 
potential was recorded. As in the digital nerve 
volleys described previously by Gilliatt and Sears 
(1958), the nerve action potential appeared rather 
abruptly with increasing stimulus strength, but 
above a certain critical stimulus intensity showed 
little further increase in action potential amplitude. 
It was emphasized by Gilliatt and Sears in relation 
to stimulation of the digital nerves that although it 
was not possible to deliver a supramaximal stimulus 
to a sensory nerve, it was perfectly feasible in a 
normal subject to use a stimulus intensity sufficient 
to activate most of the large fibres in the nerve 
trunk. Similar considerations apply when stimu- 
lating a mixed nerve trunk at wrist or elbow level, 
and in the present series stimulus intensity was 
always such that a further increase produced little 
change in the size of the response. Nerve action 
potential amplitude was found to vary considerably 
between subjects and, peak-to-peak measurements 
are shown in Fig. 3; values for the forearm-and- 
elbow segment varied from 33 to 117 microvolts 
and for the upper arm segment from 33 to 100 micro- 
volts. These figures may be compared with the 
range of 8 to 28 microvolts found by Gilliatt 


TABLE I 
MOTOR NERVE CONDUCTION IN CONTROL SUBJECTS 





Latency (m.sec.) 


Conduction Velocity (m./sec.) 





| No. Wrist-Muscle 
Muscle | of 














Elbow-Wrist Axilla—Elbow Source 
Subjects 
| a <a Range << Range  ; oe Range 
Abd. dig. min. | 50 2:9+0-4 2:0—3-7 Ebeling ef al. (1960) 
First dors. inteross. | & 3-8+0°5 3-0—5-0 »» 
Abd. dig. min. | 46 56:2+46 | 49-0—65-°6 Thomas et al. (1959 
First dors. inteross. 49 55:0+4-9 | 46:2—66:2 | ” ; 
Abd. dig. min. and first 15 54-5455 | 47-5—648 | 50-0— 73-9 | Present series 
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Distribution of ulnar nerve action potential amplitude in 
15 control subjects. A. With stimulation at the wrist and 
recording above the elbow. B. With stimulation above the 
elbow and recording in the axilla. 
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and Sears when stimulating the fifth finger and 
recording from the ulnar nerve at the wrist. 

In our present series we have again measured 
nerve action potential latency from the start of the 
stimulus artefact to the peak of the main (negative) 
deflection of the action potential, and in Fig. 4 
these values have been plotted to show their relation- 
ship to conduction distance. 


Results in Patients with Ulnar Nerve Lesions 


Out of a total of 51 suspected ulnar nerve lesions 
referred for routine electromyography in the three- 
year period 1956-59, there were 14 patients in whom 
the lesion could be placed at the elbow with con- 
siderable confidence on clinica! grounds alone. In 
10 of these 14 patients the ulnar nerve was explored 
surgically and found to show obvious pathological 
changes: in each of the remaining four patients, 
palpable thickening of the nerve behind the elbow 
was noted on clinical examination. Radiographic 
abnormalities of the elbow joint were present in 
12 patients and varied from mild osteoarthritic 
changes to gross deformities associated with old 
fractures. In all 14 patients there was wasting of the 
ulnar-supplied muscles in the hand and sensory loss 
of characteristic distribution was present in all but 
one. Weakness of the ulnar-supplied portion of the 
flexor digitorum profundus proved a rather dis- 
appointing localizing sign which was clearly present 
in only eight of the 14 patients. The clinical, radio- 
graphic, and operative findings in the individual 
cases are summarized in the Appendix. 


Motor Nerve Conduction.—Results in the 14 
patients examined are presented in Table II. In 
hree patients who were seen at an early stage of the 
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investigation, nerve stimulation in the axilla was not 
performed so that no estimate of conduction velocity 
in the upper arm can be made. In one other patient 
(Case XIII) the lesion was so severe that the ulnar 
nerve was inexcitable at the wrist although a muscle 
response to nerve stimulation above the elbow was 
present. In this patient, therefore, it is not possible 
to give a value for conduction velocity for the fore- 
arm-and-elbow segment. In each of the remaining 
11 patients stimulation was performed at all three 
levels in the arm and both conduction times and 
calculated velocities are shown in Table II. 


~ A 


Nn 

Nn 
1 
+ 
a 
e 


nN 

o 
i 
e 








ust 

nn 
1 
o 


CONDUCTION DISTANCE (CMS) 
oe 
° ee) 


ow) 
@ 

L 
@ 


* 
26- e 6 
& 


24-7 . 








4 


T 


4 5 


LATENCY (MSECS) 


oa - 


Fic. 4.—Relationship between ulnar nerve action potential latency 
(measured to peak) and conduction distance (stimulating 
cathode to lower recording electrode) in 15 control subjects. 
A. With stimulation above the elbow and recording in the axilla. 
B. With stimulation at the wrist and recording above the 
elbow. 
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TABLE II 
MOTOR NERVE CONDUCTION IN PATIENTS WITH ULNAR NERVE LESIONS 








Latency (m.sec.) 


Conduction Velocity (m./sec.) 
Case Muscle —_——-—-- Ss — ————_—___—_—__ —___ 
Wrist—Muscle Elbow-—Muscle Axilla~Muscle Elbow-Wrist Axilla-Elbow 

I Abd. dig. min. 5-0 14-0 31-1 

Il Ist dors. inteross. 5:8 18-5 21:8 23:2 51:5 
Ill Abd. dig. min. 4-4 15-4 19-4 23-6 42:5 
IV First dors. inteross. 4:8 17-2 21:8 22:6 37-0 

V - 4:5 11-4 14-5 39-1 48:4 
VI Abd. dig. min. 3-5 9-4 12-6 50:8 64:1 
Vil First dors. inteross. 6:3 14-0 17:0 32:5 63:3 
VIL 6:8 16:5 20-0 28-9 57:1 
IX | a, 5-0 13-0 17-0 37°5 40-0 

xX Abd. dig. min. 3-7 13-0 - 29-6 

XI 2 11-0 23:8 23-1 - 

XII 3-4 12-0 15-4 34:9 64:7 
XIII as — 36:0 40-0 “ 35-0 
XIV First dors. inteross. 5:2 12-5 16:1 43-2 54:2 





When the conduction times in Table If are com- 
pared with those of the control group, it is clear 
that in the patients there is diffuse slowing of con- 
duction in the ulnar nerve, this change being most 
obvious in the forearm-and-elbow segment. Over 
this segment, our control subjects showed con- 
duction velocities which were invariably more than 
45 m./sec. whereas velocities of less than this figure 
were recorded in 12 out of 13 patients, values of less 
than 25 m./sec. being seen in four of them. In only 
one patient was forearm velocity within the normal 
range. 

In the preceding paragraph results were expressed 
in terms of conduction velocity in order to eliminate 
variation due to the length of the forearm. Distal 
to the wrist, however, differences in conduction 
distance between individuals are less important and 
for this segment a direct comparison may be made 
between the latencies of the patients and those of 
the control subjects. In the patients, slowing was 
seen less often than in the forearm, but was definitely 
present in seven cases, in each of whom the latency 
exceeded the upper limit of the normal range. In 
the remaining six patients latencies were within the 
normal range but consistently above the mean. 

In the upper arm, conduction velocity varied from 
35 to 65 m./sec. with a mean of 50-7 m./sec. Com- 
pared with the normal mean of 59-8 m./sec. there 
is thus some slowing in our patients; the difference 
between the means is not large but is statistically 
significant (P = 0-01). 

Illustrative tracings, taken from Case III, are 
shown in Fig. 5. In this patient, the co-axial needle 
electrode used for recording the muscle action 
potential was placed in the abductor digiti minimi; 
the actual latency with wrist stimulation was 
4-4m.sec. and with stimulation just above the 
elbow, 15-4m.sec.; by subtraction, the figure 
11:0 m.sec. is obtained which represents the con- 
duction time between the elbow and wrist electrodes. 
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Fic. 5.—Recordings from the abductor digiti minimi in Case III, 
with stimulation of the ulnar nerve at the wrist (A), just above 
the elbow (B), and in the axilla (C). Stimulus at S shown by 
artefact in each trace. The small early deflection in trace 
is due to spread of action potentials from median supplied hand 
muscles which are also activated when stimulating in the axilla. 
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The inter-electrode distance, as measured on the 
surface of the arm, was 26°0cm., and thus the 
calculated velocity for this segment is 23-6 m./sec., 
which may be contrasted with the figure of 
42:5 m./sec. obtained in the same way for the segment 
of nerve in the upper arm. 

In Case XIII, motor nerve conduction was con- 
siderably slower than in any of the other patients 
and a brief account of the clinical and electrical 
findings in his case may be of interest. 


The patient, a man of 40, was first seen in February, 
1959, with an 18-month history of increasing weakness 
of the left hand accompanied by loss of sensation on 
the medial side of the hand. At the age of 4 the patient 
had sustained a fracture of the left elbow which had left 
him with a markedly increased carrying angle and 
30° limitation of extension. Neurological examination 
in February, 1959, revealed severe wasting and weakness 
of the ulnar-supplied muscles in the left hand and 
superficial sensory loss to pin-prick and cotton wool of 
appropriate distribution. Wasting and weakness of the 
flexor carpi ulnaris and the ulnar-supplied portion of the 
flexor digitorum profundus were present and radio- 
graphs showed gross deformity of the elbow joint. 

Electromyography was performed on March 31, 1959. 
On sampling the left abductor digiti minimi, scanty 
fibrillation was seen and only one motor unit under 
voluntary control could be found. With the needle 
in situ, the ulnar nerve trunk was stimulated at wrist 
level but no response was obtained, even when stimulus 
intensity was increased to the maximum tolerated by the 
patient. The ulnar nerve was then stimulated in the 
upper arm, the level of the stimulus being 9 cm. above 
the tip of the olecranon; a third stimulus was applied to 
the nerve close to the axilla, the distance between the 
two cathode positions being 14cm. At both levels 
above the elbow the same single motor unit was activated, 
the latency from the lower stimulus being 36 m.sec. and 
from the upper stimulus 40 m.sec. Thus the latency 
of the muscle response with stimulation just above the 
elbow was increased to about three times the normal 
value and there was only a small additional delay when 
the stimulating cathode was moved up to the axilla. 
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However, the calculated velocity of 35 m./sec. for the 
ulnar nerve in the upper arm indicates that mild slowing 
of nerve conduction was also present above the level of 
the lesion. 

At operation on April 3, 1959, Mr. Harvey Jackson 
found the ulnar nerve to be “ splayed out and thickened 
and surrounded by a fair amount of fibrous tissue ”’. 


Nerve Action Potentials.—Results for the whole 
group are shown in Table III. The fifth finger was 
stimulated through ring electrodes in nine patients 
but although stimulus intensity was increased to the 
maximum tolerated in each case, no action potentials 
could be detected by surface electrodes placed on 
the skin over the nerve trunk at the wrist. In eight 
patients the nerve was stimulated at the wrist and 
an attempt made to record the action potential of 
the afferent volley above the elbow, but again no 
potentials were seen, although the intensity of the 
stimulus at the wrist was sufficient in each case to 
produce a substantial motor response in the hand. 

The ulnar nerve was stimulated above the elbow 
in six patients and in each a nerve action potential 
was successfully recorded from the axilla. In two 
patients the axillary potentials were small when 
compared with the potentials obtained in the control 
group. In the remainder the potentials were of 
normal amplitude and in all six cases their latencies 
were within the norma! range. 

A typical result taken from Case VIII is shown 
in Fig. 6, in which the flat tracings obtained at two 
levels below the lesion may be contrasted with the 
nerve action potential of normal size and latency 
recorded from the axilla. 


Discussion 
It was noted in our control series that there was a 
small but significant difference in motor nerve con- 
duction velocity between the upper arm and the 
forearm-and-elbow segment, the former showing 











TABLE III 
NERVE ACTION POTENTIALS IN PATIENTS WITH ULNAR NERVE LESIONS 
: ; : Elbow-Axilla 
Case Finger—Wrist Wrist-Elbow 
: Amplitude (uV) Latency (m.sec.) | Conduction Distance (cm.) 
ve _ = _ _ ane 
J Absent Absent 50 2-6 15-0 
IV Absent Absent pa as (sad 
¥ | Absent Absent 34 2:5 13-5 
va Absent Absent 27 3-6 20°5 
VII Absent Absent 92 3-6 20-0 
IX Absent Absent 35 28 17-0 
Xx Absent Absent — — a 
XI Absent -- —- — a 
XII — ont —_ icy nae 
— _— — — | _ 
Absent Absent 8 3-7 | 19-5 
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Fic. 6.—Case VIII. Ulnar nerve action potentials recorded with 
electrodes in the positions A, B, and C shown in Fig. 2. In 
positions A and B, tracings show stimulus artefact at S but no 
action potentials; in position C a normal potential follows 
stimulus artefact. Calibration mark indicates 25 uV in each 
case. Time scale: 2 m. sec. intervals. 


a slightly higher velocity than the latter. This result 
agrees closely with the findings of Redford (1958) 
who reported a difference in mean conduction 
velocity between the upper arm and forearm of 
similar magnitude. This difference may be due to 
cooling of the ulnar nerve in the elbow region where 
it occupies a superficial position. However, no 
significant difference between the upper arm and 
forearm was apparent in the results of Norris, 
Shock, and Wagman (1953) and this point requires 
further study. In any case, the difference in con- 
duction velocity found by Redford and ourselves is 
so small that it is unlikely to cause confusion in 
interpreting the results from patients with nerve 
lesions. 
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In our patients with ulnar lesions, the most con- 
stant finding has been a substantial reduction ip 
conduction velocity in the forearm and elbow rezgion, 
with more variable slowing of conduction distal to 
the wrist. In this respect it is interesting that in the 
single patient described by Simpson (1956) slowing 
was confined to the region of the elbow itself. [t 
might be expected that slowing distal to the wrist 
would only be found in the most severely affected 
patients but the present series is not large enough to 
establish this point with certainty. 

The miid degree of slowing found in the upper 
arm has several possible explanations. The simplest 
of these would be that with a traumatic neuroma 
at the elbow, damage to the nerve may extend into 
the upper arm; there is some support for this in the 
fact that in a few of the patients the electrical 
threshold of the nerve trunk was appreciably raised 
for several centimetres above the ulnar groove. 
However, there are almost certainly other factors 
concerned as it is known that nerve conduction in 
the upper arm is slightly reduced even when the 
lesion is at the wrist or in the hand. This has been 
noted not only for lesions of the deep branch of 
the ulnar nerve in the palm (Ebeling ef a/., 1960) but 
also for median nerve compression at the wrist and 
after nerve suture at this level (Gilliatt and Thomas, 
to be published). 

When motor latency is measured from the stimulus 
artefact to the initial deflection of the muscle action 
potential, the figure obtained must obviously apply 
to the most rapidly conducting fibre present and 
even if the majority of fibres in a nerve trunk are 
affected by a partial lesion, slowing will not be 
detected if a single normal fibre survives. This may 
explain the normal motor conduction velocity found 
in one of our patients (Case VI) with an established 
ulnar nerve lesion. For this reason, the direct 
recording of nerve action potentials is of particular 
importance in patients with normal motor latencies. 
When the finger is stimulated the nerve action 
potential recorded at the wrist is due to an afferent 
volley in sensory fibres alone, but with stimulation 
of the nerve trunk at the wrist or above, an anti- 

dromic volley is also set up in motor fibres; thus 
with wrist stimulation, absence of a recordable 
action potential above the elbow may be accepted 
as indicating a disturbance of both motor and 
sensory conduction. It was emphasized by Gilliatt 
and Sears (1958) that the recording of a nerve action 
potential depended upon the passage of a synchro- 
nous volley of impulses under the recording elec- 
trodes and that loss of the action potential could be 
due to dispersion of the volley. Dispersion of the 
ascending volley may well explain our inability to 
record a nerve action potential above the elbow 
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when stimulating the wrist in Case VI, although 
maximal motor velocity over the same segment was 
within normal limits. Dispersion of the afferent 
volley may also explain the absence of a nerve action 
potential at the wrist in one patient (Case XIV), in 
whom sensation in the ulnar fingers was intact on 
formal clinical testing. 

The recording of nerve action potentials from the 
axilla with stimulation above the elbow has been 
introduced in order to define the upper level of the 
lesion in cases without a clear-cut abnormality of 
motor conduction. Technically this has proved more 
difficult and time-consuming than the other pro- 
cedures which we have used, but in each of the six 
cases in which it was tried we were able to demon- 
strate an ascending volley in the upper arm whereas 
none could be detected below this level. In two 
cases the axillary potentials were smaller than those 
seen in control subjects; this again suggests that 
conduction may be mildly disturbed above the level 
of a chronic lesion. 

In this paper we have deliberately confined our 
attention to patients in whom the diagnosis was 
firmly established on clinical grounds. Thus the 
patients we have described have all had relatively 
severe lesions. It may be asked whether useful 
information can also be expected from nerve con- 
duction studies in patients with mild ulnar nerve 
lesions or in cases in which the diagnosis is in doubt. 
In this respect our Own experience has been en- 
couraging; in patients with frank muscle wasting 
we have usually been able to demonstrate some 
slowing of motor conduction and in those without 
wasting the direct recording of nerve action potentials 
has proved particularly valuable. As an example of 
this, a patient (Mr. G. S.) described by Gilliatt and 
Sears (1958) may be cited. In this case there was mild 
weakness without wasting in the hand with minimal 
sensory loss; the ulnar nerve was not thickened and 
the elbow joint was normal. However, when the 
ulnar nerve was stimulated at the wrist only a trace 
of the normal nerve action potential above the 
elbow was seen, whereas a normal result was 
obtained when the median nerve was examined in 
the same way. 

In contrast to this, it should be emphasized that 
we have never observed any abnormality of ulnar 
nerve conduction in patients with complaints of pain 
or paraesthesiae but without physical signs on 
clinical examination. Thus it is our impression that 
conduction studies are not likely to be helpful in 
localizing the level of an ulnar nerve lesion unless 
the degree of nerve damage is sufficient to. produce 
definite impairment of power or sensation in the 
hand. 
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Summary 


Conduction in the ulnar nerve has been examined 
in 14 patients with chronic lesions at the level of 
the elbow, and the results have been compared with 
those obtained in a similar number of control 
subjects. 

In order to examine conduction in motor fibres, 
the ulnar nerve was stimulated just above the wrist 
and elbow and in the axilla, the muscle response 
being recorded from the abductor digiti minimi 
or the first dorsal interosseous muscle. Slowing of 
motor nerve conduction was present in 13 of the 
14 patients with ulnar lesions, the changes being 
most marked in the forearm and elbow region. 

In most of the patients afferent conduction was 
also examined by stimulating the ulnar nerve trunk 
and recording the action potential of the afferent 
volley at a higher level in the arm. This proved to 
be a reliable technique in control subjects. In patients 
with ulnar lesions, no action potentials could be 
recorded from the nerve above the elbow with wrist 
stimulation, or from the wrist when the digital 
nerves of the fifth finger were stimulated. With 
stimulation above the elbow, however, nerve action 
potentials were recorded successfully from the axilla 
in every case in which this was attempted. 

It is suggested that in patients with suspected 
ulnar nerve lesions the use of these procedures may 
be of assistance in establishing the site of nerve 
damage. 


We wish to thank members of the staff of the National 
Hospitals for Nervous Diseases who have referred 
patients for investigation. Case III was referred from 
St. Mary’s Hospital and we are most grateful to Dr. 
Harold Edwards and Mr. George Bonney for referring 
the patient and for permission to quote from their 
clinical notes. We are indebted to Dr. Ritchie Russell 
for referring Case XIV and our thanks are due to the 
staff of the Military Hospital, Wheatley, for their help 
in providing clinical details of this case. 

We also wish to thank Dr. W. A. Cobb and Mr. T. A. 
Sears for helpful criticism and advice, and Mr. H. B. 
Morton for technical assistance. 


REFERENCES 


Dawson, G. D. ae J. oe (Lond.), 131, 43%. 
—, and P - ali . W. (19 J. Neurol. Neurosurg. Psychiat., 


a2, 23 
Ebeling, P., Gilliatt, R. W., and Thomas, P. K. ge Ibid., 23, 1. 
Gilliatt, - W., and Sears, T. A. (1958). — ~ 
Norris, A. H., Shock, , and Wagman, I. IY (1953). 
Physio i, 5, iw : 
Redford, J. Ww. . (1958). M.S. Thesis (Phys. Med.), Univ. of 
Minnesota.» 
Simpson, J. A. (1956). J. Neurol. Neurosurg. Psychiat., 19, 275. 
Thomas, P. K. , Sears, T. A., and Gilliatt, R. W. (1959). Ibid. Fi 175. 


J. appl. 








320 


R. W. GILLIATT AND P. K. 
APPENDIX 


THOMAS 

















Duration | Wasting | | Flexor : 
| weses Radiography 
Case of of Sensory | Digitorum- ai ar 
Se. E.M.G. No. Age Sex Symptoms | Hand ace Srefendees ines Robes Operative Findings 
(in months) |} Muscles Ill and IV | 
I 24071 53 M 3 + + . Normal | Marked osteo- Nerve obviously thickened with 
arthritic changes ganglio-form swelling behind 
medial epicondyle 
Il 30616 53 M 36 + 4 t Affected Old fracture with | No operation 
deformity and Nerve thickened on palpation 
osteo-arthritis 
Il! 31474 60 M 4 + + + + 4 Affected Marked osteo- Constriction of nerve by fibrous 
arthritic changes origin of flexor carpi ulnaris 
with neuromatous thickening 
above 
IV 31939 65 M 3 } Affected Osteo-arthritic No operation 
changes Nerve thickened on palpation 
Vv 32267 53 M 9 + Doubtful | Osteo-arthritic Nerve rather broad and firmly 
changes adherent to groove 
VI 31710 69 M 24 +. + + + Doubtful Marked arthritic No operation 
changes with loss | Nerve thickened on palpation 
of joint space 
Vil 27570 33 F 12 Affected Normal Nerve much thickened 
Vill 32280 41 M 3 Affected Osteo-arthritic Neuromatous thickening 
changes 
IX 34035 43 M 5 ++ 4 Affected Osteo-arthritic Considerable thickening of nerve 
changes in region of condyle 
xX 24658 56 M 6 Affected Old fracture with | Nerve broadened, flattened and 
deformity and discoloured 
osteo-arthritis 
XI 34792 52 M 6 + +4 . Normal A few osteophytes No operation 
' Nerve thickened on palpation 
XI 28655 68 M 3 os ! Doubtful Normal Nerve thickened 
XIII 33404 40 M 18 + + + + 4 Affected Old fracture with | Nervesplayed out, thickened, and 
gross deformity surrounded by fibrous tissue 
XIV 32770 20 M 7 + + None Normal Old _ fracture with | Local constriction of nerve by 
mild deformity deep fascia between olecranon 
and medial epicondyle 
slight moderately severe 
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THE CLINICAL SIGNIFICANCE OF THE SINU-VERTEBRAL 
NERVE OF THE CERVICAL SPINE IN RELATION 
TO THE CERVICAL DISK SYNDROME 
BY 
RALPH B. CLOWARD 


Honolulu, Hawaii 


The increasing frequency of injuries to the neck 
has focused attention on the nature of pain resulting 
from trauma to the cervical spine. The origin and 
mechanism of pain in the neck, shoulder, and upper 
extremities resulting from such injury are not well 
understood. It is assumed that these pains have their 
origin in the ligaments and joints of the cervical 
spine including the intervertebral disks. The 
sensory nerve which supplies these anatomical 
structures is the sinu-vertebral nerve. Recently, 
investigations have been made in patients with 
painful neck injuries to determine the source of the 
pain (Cloward, 1959). From the results of these 
studies it has been possible to ascertain the course 
and distribution of the sensory nerve which supplies 
these structures, and the referred pain resulting from 
its stimulation. 

The importance of the sinu-vertebral nerve in 
cases of rupture of lumbar intervertebral disk has 
been described by Falconer, McGeorge, and Berg, 
(1948) and Wiberg (1949). These investigators 
have determined that reflex rigidity and scoliosis 
resulting from rupture of the lumbar intervertebral 
disks are probably produced by irritation of the 
nerve endings of the sinu-vertebral nerve. Wiberg 
investigated the anatomical structures about the 
lower lumbar spinal canal in conscious patients 
under local anaesthesia. Pressure applied to the 
ligamentum flavum caused no pain except when 
the pressure was too great and was transmitted to the 
adjacent disk. Pressure on the posterior surface 
of the disk and longitudinal ligament resulted in a 
pain in the lumbosacral area in all cases. The 
patients complained of a deep pain within the back 
lateralized to the side stimulated. Direct pressure to 
the nerve root caused severe root pain over a derma- 
tome distribution. After anaesthetizing the nerve 
root the lumbosacral pain could still be produced 
when pressure was applied to the disk. These ex- 
periments have all been carried out by the writer 
and the findings of Wiberg verified. 


One may conclude from these investigations that 
low back pain with radiation into the sacro-iliac 
region, hip joint, and upper thigh is not due to com- 
pression of the spinal nerve root by the ruptured 
lumbar disk but is the result of irritation of the 
sinu-vertebral nerve which supplies the peripheral 
fibres. of the disk and ligaments which surround it. 
This has been called a diskogenic pain in contra- 
distinction to neurogenic or sciatic pain which 
results from impingement of the prolapsed disk 
upon the spinal nerve root. Valuable objective 
diagnostic information as to the origin of the disko- 
genic pains has been obtained from the procedure 
of lumbar diskography. By inserting a fine needle 
into a ruptured disk (posterior midline) and injecting 
an opaque fluid into it, pressure is applied to the 
periphery of the disk through its torn recesses, 
producing pain. The patient will recognize the 
character and location of this induced pain as being 
the same as his clinical symptom if it is caused by 
the ruptured disk. Lumbar diskography has been 
used for nearly a decade to determine the cause of 
low back pain (Cloward and Buzaid, 1952). 

All reported anatomical studies of the sinu- 
vertebral nerve have been made on the lumbar spine 
where the nerve is larger and more easily followed. 
The procedure of cervical diskography was developed 
in the hope that diagnostic information could be 
obtained to determine the origin and cause 
of pain from cervical disk pathology (Cloward, 
1958a). 

In 1956, the method was worked out by inserting 
a needle into the antero-lateral surface of the disk, 
injecting an opaque solution, and obtaining a 
radiograph. As had been found with lumbar disko- 
graphy (Cloward and Buzaid, 1952), the injection of 
a fluid medium into the interior of the cervical disk 
proved to be a painful procedure when the disk was 
ruptured, and the pain as a rule was described by 
the patient as being identical with his clinical 
symptoms. It was also found that the antero-lateral 
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surface of the disk, either normal or pathological, 
when stimulated by inserting a needle into it, 
invariably produced pain. This presented an 
opportunity to study the sensory nerve supply of the 
cervical disk. Accordingly, various methods were 
employed to stimulate the disk, each of which will 
be described. The referred pains resulting from 
stimulation of cervical disks were carefully docu- 
mented according to the disk stimulated and to the 
exact location of referred pain which resulted. This 
information has been reported elsewhere (Cloward, 
1959). 

The anatomical regions to which pain was referred 
were obtained from the patient when the anterior 
and posterior surfaces of the intervertebral disk and 
the corresponding longitudinal ligaments were 
stimulated. Several methods of stimulation were 
used including three blind procedures: (1) Needling 
the anterior surface of the disk for diskography; 
(2) injection of the disk with a fluid medium for 
diskography; (3) insertion of fine insulated wires 
into the disk through the diskogram needle for 
electrical stimulation. At operation under local 
anaesthesia, using the anterior approach (Cloward, 
1958b), the anterior and posterior surfaces of the 
disk were also stimulated under direct vision. 





CLOWARD 


Blind Stimulation 

(1) The first patient subjected to a cervical disko. 
gram complained of pain when the diskogram 
needle made contact with the anterior surface of the 
disk. When asked to localize the pain, she stated, 
** In my right shoulder blade.” Repeated jabs with 
the needle into the bone (anterior surface of the 
vertebral body), above and below the disk, caused 
no pain. But when the disk was touched, the patient 
reported a rather sharp, aching type of pain located 
along the vertebral border of the ipsolateral scapula, 
The pain referred from the upper cervical disks was 
localized more cephalad on the scapula and from 
the lower disks more caudad. In over 120 patients, 
upon whom a cervical diskogram of one or more 
disks has been performed, this has been a constant 
finding. This, together with other stimulation 
experiments, has verified the fact that the anterior 
outer fibres of the annulus fibrosis of the cervical 
intervertebral disk are richly supplied with sensory 
nerves. When these nerves are stimulated or irritated 
on one side of the disk, pain is referred to the region 
of the vertebral border of the scapula on the same 
side. 

The second method of investigation was analysis 
of pain which resulted when the disk was injected 





Fic. 1.—Cervical diskogram. 


A. Lateral radiographs: opaque solution (‘‘ hypaque ’ 50%) injected in the centre of the disk has passed into the spinal 
canal through a defect (rupture) in the posterior annulus, outlined the protruding disk fragment (arrow). 


B. Antero-posterior projection: needles inserted into the centre of the nucleus pulposus from the antero-lateral surface 


of the disk. 


Injected “* hypaque ” has collected postero-laterally visualizing the herniated disk (arrow). 
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SINU-VERTEBRAL NERVE OF THE CERVICAL SPINE 


In the case of a normal 


are not ruptured and the nucleus pulposus is intact, 
injection of 0-2 to 0-3 ml. of radio-opaque liquid 
If the fibres of the annulus are 


pressure, to reach the periphery of the disk, pain 
results. The location, character, and intensity 
of the pain will depend upon the location and 
extent of the rupture or fissure tract in the disk. 
Anterior or antero-lateral ruptures cause pain 
similar to that produced by insertion of the disko- 
gram needle, i.e., along the medial border of the 


' scapula. 


If the disk is ruptured in a posterior or postero- 
lateral direction, pains which result from disk 
injection are of three types: (a) diskogenic, (6) neuro- 


' genic, and (c) myelogenic. 


The first is by far the most common. If the rupture 


in the annulus extends to, but not through its 


peripheral fibres, the pain caused by the injection is 
described by the patient as beginning in the “shoulder 
blade’’ (medial scapular border), spreading over the 
back of the shoulder or on top of the shoulder in a 
broad area and then down the posterior surface 
of the upper arm as far as the elbow. This pain 
also is described as a ** deep, dull, aching sensation ” 
which may be quite severe. It subsides about five 
to 10 minutes after the injection. This is the * disko- 
genic” pain. 

When the peripheral fibres of the posterior 
annulus are lacerated, with or without herniation of 
disk fragments into the spinal canal, as demon- 
strated by the diskogram, the injected solution can 
pass through the defect, transmitting the pressure 
to the spinal nerve root and/or the spinal cord. 
This *“* neurogenic” pain resulting from nerve root 
irritation has a sharper, more intense quality often 
described by the patient as an electric shock or a 
hot, burning sensation. It shoots into the arm, 
forearm, and hand along a dermatome distribution. 

In midline disk protrusions, with spinal cord 
compression, a “ myelogenic’’ pain results from 
disk injection. This pain, originally described by 
L’Hermitte, is a shock-like sensation down the 
middle of the spine and may spread into one or all 
extremities. It is of only momentary duration. 

The third stimulation method consisted of im- 
planting insulated wires into the anterior surface 
of the disk through the diskogram needle. Electrical 
stimulus applied to the implanted wire resulted in 
pain similar to that obtained by needling the disk 
for diskography, that is, it was referred to the 
vertebral border of the scapula. Weddell, Feinstein, 
and Pattle (1943) investigated the scapula pain, 
which is present in almost every patient with 
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cervical disk disease, by doing electromyograms on 
the scapula muscles. They demonstrated abnormal 
action potentials suggesting that this pain is a motor 
phenomenon which originates in the muscles of the 
scapula as a myalgia. Accordingly, electromyogram 
studies were made on the scapular muscles by 
stimulating the wire implanted in the anterior surface 
of the C5-6 disk. These demonstrated a consistently 
increased irritability of these muscles. Continuous 
involuntary muscle spasm could be initiated by 
anterior cervical disk stimulation. Novocaine in- 
jected into the area of the implanted stimulating 
wires abolished the action potentials in the scapula 
muscles. 

If the pain located in the muscles of the vertebral 
border of the scapula is a motor phenomenon, the 
nerve impulse must pass from the spinal cord by 
way of the anterior motor nerve root and the 
peripheral motor nerve. Stimulation of the ventral 
cervical nerve root has been shown to produce a 
deep, boring, myalgic type of pain in the muscles 
of the shoulder girdle, similar in quality and dis- 
tribution to that resulting from stimulation of the 
intervertebral disk. Frykholm (1947) applied 
mechanical stimuli intradurally to the lower cervical 
nerve roots under local anaesthesia. He demon- 
strated conclusively that nerve root pain could be 
elicited by stimulating the ventral or anterior root 
as well as the sensory root. 


Direct Stimulation 

The recent development of a new anterior surgical 
approach (Cloward, 1958b) for removal of ruptured 
cervical disks offered an opportunity to stimulate 
the disk under direct vision. The operation is per- 
formed under local anaesthesia with the patient 
conscious and alert. A 3 cm. transverse skin incision 
is made on the antero-lateral surface of the neck, 
and by blunt dissection of the cervical muscles and 
careful retraction, nearly the entire half of the disk 
is easily exposed. Pressure with a blunt instrument, 
a sharp needle, and stimulation by electric current 
has been applied to each of the cervical disks 
from C3 to C7 in a large series of patients. The 
referred pain to the scapular region found by 
the other methods of stimulation was verified. A 
drill hole 14mm. in diameter is made completely 
through the vertebral bodies at the interspace, 
exposing the posterior surface of the disk and the 
posterior longitudinal ligament overlying the dura 
mater of the spinal cord and nerve roots. The in- 
formation accumulated on the distribution of pain 
produced when the posterior disk ruptures were 
injected for diskography was generally verified by 
direct stimulation of these elements at the bottom 
of the drill ** hole ’’. 
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Discussion 

From the results of our stimulation studies on the 
cervical disks, together with those of Frykholm 
(1947) on the motor roots, a theory may be formu- 
lated as to the location and distribution of the sinu- 
vertebral nerve in the cervical spine. While the 
nerve in this area is so small as to defy ordinary 
anatomical methods, the formulation is consistent 
with the known anatomy of the sinu-vertebral nerve 
in the lumbar region. 

The original anatomical description of the nerve 
supply to the vertebral column and its ligaments was 
made by Luschka in 1850. The nerve, called the 
sinu-vertebral nerve of Luschka, has been studied 
since that time, though as has been noted, ana- 
tomical studies of it have been limited to the lumbar 
spine. While there is some disagreement as to its 
actual course, the origin and distribution of its 
terminal branches have been well established. 

The most accurate description of the origin of the 
sinu-vertebral nerve was made by Hovelacque (1925) 
and recently studied by Kinney (quoted by. Herlihy 
1949). According to Kinney, the nerve is formed 
by a junction of two roots, spinal and sympathetic. 
The spinal root takes origin from the ventral surface 
of the “spinal nerve’’ within the spinal canal. The 
anterior and posterior spinal nerve roots meet, 
decussate, and divide into the anterior and posterior 
primary rami, the short area of decussation being 
the ‘“‘spinal nerve’. The spinal root of the sinu- 
vertebral nerve is immediately joined by a sym- 
pathetic fibre which passes medially from the 
sympathetic chain. Both groups of fibres constitute 
the sinu-vertebral nerve. The main trunk of the nerve 
then passes medially behind the vertebral body and 
after a short course divides into its terminal branches. 

The distribution of the terminal branches of the 
sinu-vertebral nerve has been described by Lazorthes, 
Poulhes, and Espagno (1948) who disagree with an 
earlier description by Van Buskirk (1941) as to 
their course. Van Buskirk refers to the origin of 
the nerve as the “recurrent nerve” which, on 
gaining the intervertebral canal, divides into an 
ascending and descending branch, and forms a 
longitudinal strand of nerve fibres which he calls 
the sinu-vertebral nerve. The longitudinal strand, 
he states, extends the length of the vertebral canal 
anastamosing with its fellow above and below from 
the opposite side. Lazorthes ef al., on the other 
hand, insist ** that the distribution of the branches 
is purely segmental; that the branches may be short 
or long and all are ascendent with one exception; 
that the nerve never divides into ascending or des- 
cending branches; and that the nerve anastamoses; 
the branches may pass anterior or posterior to the 
anterior longitudinal ligaments and venous sinuses.” 
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According to Lazorthes et al., the branches of the 
sinu-vertebral nerve are distributed as foilows:— 

(1) To the vertebral body from the posterio; 
surface by a few twigs which pass medially anterio 
to the posterior common ligament and enter the 
bone along with the basi-vertebral veins; (2) to the 
neuro-laminae from their anterior surface; (3) to 
the intervertebral disk above this vertebral body by 
more numerous twigs; (4) to the intervertebral disk 
below this vertebral body by fine inconstant fila- 
ments which are the only descending elements; (5) to 
the posterior common ligament; (6) to the internal 
vertebral plexus; (7) to the epidural tissue; (8) to 
the dura mater by one or two twigs. 

The terminal nerve endings of the sinu-vertebra| 
nerve have been studied by Jung and Brunschwig 
(1932) who described nerve fibres in the anterior 
spinal ligament, in the posterior longitudinal liga- 
ment, and between the annulus fibrosus and the 
spinal ligaments. They found no nerve endings 
within the intervertebral disk, but more recently 
Roofe (1940) observed numerous nerve endings in 
the posterior annulus fibrosus and posterior longi- 
tudinal ligament. 

The sinu-vertebral nerve supplies the vertebral 
column, the intervertebral disks, “the longitudinal 
venous sinuses”’, the ligaments within the vertebral 
canal, the epidural tissue of the vertebral canal, 
and the dura mater. The nerve is largely sensory 
and according to Roofe it subserves the function 
of pain. Van Buskirk indicates that the nerve con- 
tains both myelinated and non-myelinated fibres, 
the majority being the latter. The sympathetic 
fibres have an arterio-vasomotor function since the 
longitudinal veins of the internal vertebral plexus 
do not contain muscle tissue. 

From our stimulation experiments and the known 
anatomical distribution of the sinu-vertebral nerve 
in the lumbar region, the nerve supply to the cervical 
intervertebral disks, its course and distribution, may 
be postulated (Fig. 2). The receptors of this sensory 
nerve are located throughout the peripheral fibres 
of the annulus fibrosus of the intervertebral disk, 
including the attachment of these fibres to the mar- 
gins of the adjacent vertebral bodies (Sharpey’s 
fibres). The findings suggest that the nerve from 
each side passes around the disk, supplying one- 
half of it. The terminal fibres must extend a short 
distance across the midline and decussate with those 
from the opposite side, since anterior stimulation 
of the centre of the disk produces bilateral shoulder 
pain. The terminal branches probably enter the 
anterior longitudinal ligament. It is questionable 
whether the entire length of the long ligament is 
supplied by filaments from the nerve or just the area 
of the ligament which passes over the disk. As 
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Fic. 2.—Drawing to demonstrate the proposed anatomy of the sinu-vertebral nerve in the cervical region and the pathway 
over which pain impulses originating in the periphery of the intervertebral disk are referred to the region of the 


scapula, shoulder, and upper arm. 
Mechanical or electrical stimulation of: 


(a) Anterior surface of cervical disk refers pain to vertebral border of scapula. 
(b) Postero-lateral surface of the disk, pain referred to the scapula, shoulder, and radiation into upper arm. 
(c) Motor nerve root intradural; deep myalgic type of pain referred to muscles of vertebral border of the scapula. 


Pathway of sinu-vertebral from periphery of cervical disk indicated by arrows. 


Pain impulse enters posterior 


nerve root and/or to muscle of scapula as reflex arc through spinal cord, anterior root, and motor nerve. Branch 
from sympathetic chain has insignificant role in pain syndrome. 


described above, the referred scapular pain is not 
produced by stimulating this ligament over the body 
of the vertebra, but only as it crosses over the disk. 
It may be that inasmuch as the ligament is so closely 
associated with and often adherent to the anterior 
surface of the disk, the stimulus is transmitted 
through the ligament to the disk surface. This may 
indicate that the anterior longitudinal ligament has 
only an insignificant nerve supply compared with 
that of the disk itself, and therefore contributes very 
little to the overall pain syndrome. 

The nerve evidently courses around the disk to 
the posterior surface where its fine branches and 
sensory receptors give evidence of being more 
numerous. The flood of pain resulting from stimu- 
lation of these areas is more diffuse, that is, it spreads 
over a wider area. It has been possible to map out 
by stimulation under direct vision the posterior area 
of the disk and posterior longitudinal ligament, but 
ihe information obtained is not so accurate as that 


derived from the anterior surface. These posterior 
structures along with the overlying anterior dura 
mater are so closely associated that a great many 
more nerve endings of the sinu-vertebral nerve 
which supply them are stimulated when the disk is 
injected for diskography or at open operation. This 
would account for the pain which is more severe and 
extends over a wider area. Because of the extensive 
overlapping of the painful areas resulting from 
stimulation of the posterior surface of the various 
cervical disks, it is suggested that one sinu-vertebral 
nerve may contribute to the nerve supply of the 
posterior surface of more than one cervical disk, 
and that through its descending branches it may also 
supply the posterior surface of the intervertebral 
disk below as suggested by Lazorthes et al. (1948). 
In the lumbar region, according to anatomists, 
the various branches of the sinu-vertebral nerve 
converge on the posterior surface of the spine to 
form the main trunk or “ recurrent nerve’ (Van 
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Buskirk) which passes through the intervertebral 
foramen and enters the “spinal nerve” slightly 
distal to the spinal root ganglion. The pathway 
over which the sensory impulse travels after gaining 
entrance to the spinal cord by way of the posterior 
horn is unknown. It is likely that the sensory 
impulses pass through a segmental reflex arc to the 
shoulder muscles by way of the anterior horn cells 
and motor root at the same or an adjacent level 
of the spinal cord. Many of the muscles of the 
pectoral girdle are supplied by cervical motor nerve 
roots. Pain caused by pressure on the ventral root 
has been ascribed to changes produced in the muscle 
fibres with resultant activation of local sensory 
endings in the muscle, after which the afferent 
impulse travels centripetally by way of sensory path- 
ways, dorsal root ganglia, and dorsal roots to enter 
the spinal cord. The impulse is then transmitted via 
neurons of higher order to cerebral centres for pain. 

It is understandable that pain from stimulation 
of the anterior surface of the disk would be selec- 
tively referred to muscles along the vertebral border 
of the scapula. These muscles, i.e., the levatores 
scapulae, the rhomboidus minor and major, receive 
their nerve supply from the anterior rami of the 
third, fourth, and fifth cervical nerves. The explana- 
tion for a painful stimulus on the anterior surface 
of the spine being perceived in the middle of the 
back is to be found in the developmental origin 
of the posterior muscles of the body wall. Em- 
bryologically the “‘ ventrolateral *’ sheath of muscu- 
lature of the lower cervical region undergoes 
subsequent migration to obtain a secondary skeletal 
attachment to the vertebral column at a considerable 
distance from its origin. Such “* muscle migration ” 
is most clearly seen in the diaphragm and latissimus 
dorsi muscles. 

A few patients were selected because they were 
good witnesses to sensory stimuli. When the 
cervical disk were stimulated and the scapular pain 
produced, superficial sensation over the area was 
tested with light touch and pin prick. Although the 
findings were often equivocal, one occasionally 
encountered a patient who insisted that the skin 
over the painful scapular area was hypersensitive 
to superficial stimuli. This was observed imme- 
diately following injection of the disk for disko- 
graphy. This finding suggested a sensory as well as 
a motor origin for the scapular pain and may 
represent a retrograde impulse through the posterior 
spinal root and sensory nerve as suggested by Kahr 
and Sheehan (1933). 

In performing the cervical diskogram, inquiry is 
always made to determine if the flood of pain which 
follows disk injection could be interpreted as having 
a sympathetic character or distribution. There are 
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numerous reports in the literature in which symp. 
toms such as headache, facial pain, vertigo, pseudo. 
angina, etc., have been attributed to and described 
as a part of the cervical disk syndrome (Neuwirth 
and Gayral, 1958). It has been our general im. 
pression clinically that ruptured cervical disks are 
not directly responsible for these vague, unexplain- 
able symptoms. Furthermore, experimentally in- 
duced pain, resulting from disk injection, in our 
experience has not been referred to the head, 
face, ear, eye, or precordium. This suggests that 
pain impulses having their origin in the disk do not 
spread through the sympathetic chain to these 
remote areas. The function of the sympathetic 
branch of the sinu-vertebral nerve is to supply, via 
visceral motor fibres, the blood vessels of the spinal 
canal and the spinal dura mater, as described by 
French anatomists. If pain of a sympathetic 
character results from irritation of these structures 
by a ruptured disk, it remains localized as part of 
the neck, shoulder, and arm pain and does not 
spread to other regions. 


Summary and Conclusions 


In the investigation of the cause of neck, shoulder, 
and arm pain in patients with lesions of cervical 
intervertebral disks, the anatomical structure respons- 
ible for the major portion of these pains was found 
to be the intervertebral disk itself and its surround- 
ing ligaments. Various methods were used to 
stimulate the disks in conscious subjects, and the 
exact location and distribution of the referred pains 
were determined. Objective information was also 
obtained by electromyographic studies of the 
shoulder and arm muscles resulting from stimulation 
of the lower cervical disks. From the information 
thus accumulated, together with known anatomical 
knowledge of the sinu-vertebral nerve in the lumbar 
region, the course of this nerve in the cervical spine 
has been proposed. Two possible routes for the pain 
impulse carried by this nerve after it enters the spinal 
cord are also suggested. 
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Confabulation, in psychiatric and neurological 
practice, is usually defined (e.g., see Wakeley, 1953) 
as “the ready narration of fictitious occurrences 
which the patient believes that he has experienced, 
and which are not hallucinations but are produced 
to fill gaps of defective memory, especially in respect 
of the immediate past; confabulation is considered 
one of the main signs of Korsakoff’s syndrome.” 
In all definitions, there is general agreement that 
confabulation is the filling-in of a memory gap, and 
that the patient usually confabulates about material 
he cannot remember. Confabulation, therefore, is 
always considered as part of an amnesic syndrome 
and consequent upon memory defect. 

Several interpretations of confabulation have 
previously been proposed. Pick (1905) believed that 
in patients with Korsakoff’s syndrome there is a 
fundamental thought disorder, the patient’s thinking 
being dominated by “ fixed ideas’’, and that in 
such patients there is also increased suggestibility. 
He proposed that confabulation might arise from a 
need to rationalize these “* fixed ideas’’, and that 
this process would be aided by the lack of insight. 
Therefore, according to Pick, unless one knows 
about the dominating thoughts in addition to the 
memory deficits, one cannot explain confabulation 
in patients with Korsakoff’s syndrome. 

Van der Horst (1932), on the other hand, postu- 
lated a fundamental disturbance of time sense, that 
is, an inability to correlate experiences in terms of 
their time relationships. He maintained that, lacking 
such ability, an individual must have memory 
deficits. In relating this hypothesis to confabulation, 
Van der Horst likened confabulation to phantasy, 
for in phantasy, he said, time as such plays no role. 
Individuals with a disturbed perception of time may 
thus be expected to confabulate. He also thought 
that the confabulated material bore a relationship 
to personality structure similar to that of the material 
of dreams. 

Williams and Rupp (1938) believed confabulation 
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to result from the interaction of several factors. A 
basic factor, according to these authors, is a memory 
disturbance; but it is not the mere existence of 
retrogressive amnesia, but rather its scope, that is 
significant in the production of confabulation. The 
important provocative factor is then a_ severe 
disturbance of recent memory. But in addition to 
amnesia, Williams and Rupp suggested that lack of 
insight is necessary for the development of con- 
fabulation. A personality structure of a particular 
pattern is also required; and they added that 
individuals that confabulate have basic tendencies 
towards introversion, although their behaviour is 
of extravert type. 

On the other hand, Weinstein, Kahn, and Malitz 
(1956) consider that confabulation cannot be ex- 
plained on the basis of memory loss, and they 
propose that confabulation should be regarded as 
‘**a mode of adaptation to stress ”’. 

That confabulation may depend basically upon 
altered perception has also been proposed. For 
example, Griinthal (1923) long ago thought this to 
be of primary importance. More recently, Talland 
(1958) showed (with a wide range of perceptual 
tests) that the psychological disturbances in 
Korsakoff’s syndrome extend beyond impaired 
memory and learning, and that there are perceptual 
disturbances that should not be considered secondary 
to memory disorder. He states that this perceptual 
impairment is a basic symptom consistently present 
in the syndrome, although not so apparent (in 
ordinary clinical circumstances) as the amnesic 
phenomena. However, he does not consider the 
memory defect, or the confabulation, to result from 
the basic perceptual disorder; on the contrary, he 
thinks that the perceptual and amnesic disorders 
may be a joint manifestation of the same underlying 
disturbance. In a later paper, Talland and Ekdahl 
(1959) have described the results of an analysis 
of memory for narrative material, and the series of 
distortions in serial reproductions, in a group of 
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patients with Korsakoff’s syndrome associated with 
alcoholism. In experimentally-created conditions of 
ambiguity and delay, they found that some normal 
patients distorted and elaborated stories in much 
the same manner as their patients with Korsakoff’s 
syndrome. They therefore suggest that confabula- 
tion may more properly be regarded as an effect 
of a “‘ state of indirection ”’ existing in patients with 
Korsakoff’s syndrome, rather than as a primary 
symptom of the disease. However, it is not clear 
what this “‘ state of indirection *’ implies. 

In contrast to these views, Kral (1956) stated that 
there are no perceptual abnormalities in Korsakoff’s 
syndrome. Clinical observations, according to this 
author, show that patients suffering from a chronic 
amnesic syndrome are capable of well-integrated 
perceptions, both from the environment and from 
within their own bodies. He suggests that Hart- 
mann’s (1927) experiments prove this point. 
Hartmann was able to demonstrate that under 
hypnosis there were traces of registration of new 
material in patients with Korsakoff’s syndrome, 
and Kral regarded this as evidence of preservation 
of perceptual mechanism. 

In the present paper, an attempt is made to analyse 
the confabulatory process in a case of Korsakoff’s 
syndrome by tachistoscopic presentation of material, 
in order to determine the circumstances in which 
confabulation appears. 

The purpose of the study is to decide to what 
extent confabulation is a primary symptom of 
Korsakoff’s syndrome or if it is consequent upon 
memory defects. 


Case Study 


P. R. (Case 77971), a housewife aged 48 years, was 
admitted to the National Hospital complaining of 
epigastric discomfort, anorexia, and morning vomiting 
for one month. 

Three years previously, while in Nigeria, she had 
suffered from an illness diagnosed as peripheral neuritis 
that was associated with excessive intake of alcohol 
(whisky). Eighteen months after this illness, she had for 
the first time recurrent attacks of abdominal pain and 
vomiting. On that occasion the liver was found to be 
enlarged. In each instance, the attacks were associated 
with an increased intake of alcohol. 

Three weeks before her admission to the National 
Hospital she had a severe attack of vomiting. Examina- 
tion then showed left internal strabismus, and left facial 
weakness. In addition, she was confused and dis- 
orientated, and on two occasions she had had episodes 
of hallucinations, seeing soldiers drilling in the garden 
and friends entering her room during the night. She was 
treated with large doses of vitamin B complex. 

On examination on admission to the National Hospital, 
she was found to be completely disorientated in time and 
place, and she confabulated freely. 
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Visual acuity was normal in each eye, and the visua| 
fields were full. The pupils were normal in size, ang 
reacted briskly to light and on convergence. Externa| 
ocular movements were normal, but there was coarsg 
nystagmus on looking to right and left. Apart from some 
facial asymmetry without obvious facial weakness, the 
remaining cranial nerve functions were normal. 

There was a fine, irregular tremor of the outstretched 
fingers but no weakness cf any limb. The tendon 
reflexes were sluggish in the arms; the patellar reflexes 
and the left ankle jerk were absent. -Appreciation of 
pinprick was absent over the feet and lower parts of 
both legs and over the hands and forearms. 

The tongue was smooth and glossy. There was some 
abdominal tenderness, and the liver was palpable below 
the right costal margin; there was no ascites or oedema. 

The results of liver function tests were mildly abnormal, 
e.g., thymol turbidity 3 units, serum bilirubin 0-3 mg. 
100 ml., alkaline phosphatase 7-6 (K—A _ units), but 
other biochemical and haemotological studies disclosed 
no abnormalities, except for a sedimentation rate of 
29 mm. in one hour. The blood Wassermann reaction 
was negative. 

A diagnosis of alcoholic Korsakoff psychosis, 
associated with peripheral neuritis, was made. The 
patient was treated with intravenous “ parentrovite ”* 
(10 mi. daily), which produced gradual improvement in 
some respects. At the time of her discharge from the 
National Hospital, four weeks after first being given the 
** parentrovite ’’ injections, the sensory impairment in 
the legs had disappeared, as had the nystagmus and 
abdominal tenderness. However, the patient remained 
confused and disorientated, and continued to con- 
fabulate. She was therefore transferred to a psychiatric 
unit, where she remained for a further seven months. 

At the time of her discharge from this latter unit she 
was well orientated, and there was no clear evidence of 
residual memory impairment although she showed a 
tendency to repeat requests, to reiterate observations, 
and to employ stereotyped phrases all in a manner 
suggestive of a defect of recent recall. 


Psychometric Assessment 


The patient was first seen in the Psychological Depart- 
ment six days after admission to the National Hospital. 
Thereafter, she was examined at regular intervals until 
her discharge from the National Hospital to the 
psychiatric unit. 

When first seen, the patient showed a marked amnesic 
syndrome. There was fluctuating disorientation for 
place and person, but orientation in time was better, in 
that she usually knew the year and the month, was 
orientated for time of day, and also knew her age. 
Memory for recent events was extremely poor, and she 
confabulated freely. Her thought processes were not 
markedly altered, though explanation of proverbs was 
somewhat concrete and flighty, and she displayed some 
evidence of fixed ideas. She was also very suggestible, 
and lacked insight. 





*A multivitamin preparation of Vitamins Ltd., London. 
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CONFABULATION IN A CASE OF KORSAKOFF’S SYNDROME 


Psychometric tests gave uneven results. Her vocabu- 
lary score was at the high-average level. Scores in other 
tests were in the average to high-average range, except in 
arithmetic and digit symbol, in which the scores were 
below this level. Her intelligence quotient on the full 
scale was 96. 

There was no evidence of faulty visual perception, 


- and the patient identified objects and interpreted pictures 


quite accurately. 
When reproducing designs from memory (Bender, 


- Curran, and Schilder, 1938), she showed marked falsifi- 


cation and reduplicating paramnesia. She also perse- 
verated from early to late designs. When asked to recall 
associations between word pairs, she frequently sub- 
stituted another word. Her associations then usually 
involved familiar associations or combinations of two 
words belonging to different pairs. 

Her capacity to form logical memories from stories 
read to her was grossly impaired. She consistently intro- 
duced new material that usually bore some relation to 
her fixed ideas and she also perseverated from one story 
to another. In all respects her performance in intelligence 
and memory tests was very similar to that reported by 
Victor, Herman, and White (1959) in his psychological 
study of the Korsakoff syndrome in cases of Wernicke’s 
encephalopathy. 


Tachistoscopic Tests 


Two types of tachistoscope were used, a new Dodge 
type (Warrington, 1960), and a modified version of the 
“ dazzle’ tachistoscope (Ettlinger, 1960). 

Test Materials.—The material presented to the patient 
in the Dodge type of tachistoscope was divided into 
three categories: 

(1) Simple, familiar geometrical figures, comprising a 
circle, a square, a rectangle, and a four-pointed star 
(Fig. 1). Each figure was presented both as a whole 
(items 1-4), and also as partial figures (items 5-8). 

(2) Complex, meaningful forms comprising line draw- 
ings of common objects such as a house, a face, and a 
flower (Fig. 1). These were presented in two ways: 
with some details (items 9, 13, 17), and without details 
(items 10, 14, 18). They were also presented as complete 
and as incomplete (items 11, 12, 15, 16, 19, 20) figures. 

(3) Ambiguous figures, as shown in Fig. 1 (items 
21-23). 

Instructions to Patient.—The instructions given to the 
patient were as follows: 

“T want you to look at the small cross in the centre 
of the screen. When I say ‘ ready ’ a drawing will appear 
on the screen for a very short time. I want you to tell me 
exactly what you see. It is important to tell me what you 
actually see: I do not want you to guess. I will also want 
you to make me a drawing of what you see.” 


Procedure.—The following procedure was employed. 
The patient was shown the stimulus cards in each of the 
above categories in random order. Each figure was 
presented in an ascending series of exposure times, until 
the recognition threshold was attained. The criterion for 
recognition threshold in this patient was taken as the 
minimum duration of exposure needed for relatively 
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accurate recognition of the figure being presented. The 
figures were then presented several further times, with 
increasing durations of exposure over the threshold time. 
The patient was asked to make a fresh drawing of the 
figure after each exposure. 

With the dazzle tachistoscope two pictures were also 
presented (see Fig. 1, items 24, 25). The patient was told 
that the pictures on the screen would at first be too dim 
to be seen but that they would become progressively 
brighter and clearer. The filter in the dazzle tachistoscope 
was adjusted so that a black and white picture was 
invisible against the background at the beginning of the 
tests. The intensity of the illumination was then in- 
creased by standard steps until the picture was plainly 
visible. The patient was asked to respond as soon as she 
could distinguish any darkness or shadow against the 
background and again as soon as she could identify 
the content of the picture. 


Results 


Threshold.—With the Dodge tachistoscope, the 
threshold exposure time for recognition of all the 
pictures in 92 trials was between 25 and 32 m.sec. 
This is within the range of variation found by 
Warrington (1960) in normal subjects, using 
identical pictures on the same machine. 

With simple familiar geometrical figures (category 
1) recognition was accurate, as was immediate repro- 
duction of the figures in drawings. Sometimes, with 
exposure durations of less than 40 m.sec., the patient 
reported seeing a half-figure as complete but this 
was not consistent. 

With complex, meaningful figures (category 2) 
the responses varied considerably; but they may be 
classified into four main groups. 

(1) When pictures were shown complete and with 
details added, verbal responses were accurate, as 
was immediate reproduction in drawings. 

(2) When pictures were shown complete but 
without detail, the responses revealed elaboration 
in both verbal description and in pictorial repro- 
duction, or else the omitted details were completed. 
These responses were elicited with exposure times 
above 40 m.sec. An example of this type of response 
is shown in Fig. 2, containing the patient’s own 
sketches in response to presentation of item 14 
in Fig. 1. 

(3) When half-pictures with detail were shown, 
the verbal responses were accurate but the patient’s 
drawings did not correspond exactly to the material 
viewed. Thus a half-face was called ‘* half-face ”’ 
but it was drawn as a profile, as shown in Fig. 3. 
These responses were also made at exposure times 
greater than 32 m.sec. 

(4) When half-figures without detail were pre- 
sented, responses were often inaccurate. In addition, 
the reproduced drawings frequently did not accord 
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pictorial reproduction. 


with the verbal report of what was seen. 
item 10 in Fig. 1 was called a “ writing table ’’ but 
drawn as a square. The half-face (item 16 in Fig. 1) 
was reported as a half-face, but was drawn (see 
Fig. 4) as a complete face at an exposure time of 
40 m.sec. and as a profile at 50 m.sec. 
flower (item 19 in Fig. 1) was called ‘‘ half a flower ”’ 
and drawn as such, but details were added in the 
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Fic. 1.—Material presented in the tachistoscope. Items 1-23 were shown in the Dodge tachistoscope. Items 24 and 25 
dazzle” 
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With the ambiguous figures (category 3) gross 
elaboration was evident at all exposure times, even 
up to one second. The reproduction drawing of the 
material seen usually corresponded with the verbal 








report. For example, item 22 in Fig. 1 was called “a 
man on a swing” at 32 m.sec. exposure; at 40 m.sec. it 
was described as a “‘swing at an angle”’; at 50 m.sec. 
as “‘ rope and wood like a swing” with “‘ a body 
half off’. The patient’s drawings, corresponding 
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Fic. 2.—Photographs of the patient’s sketches in response to the 
presentation of item 14 in Fig. 1 at 25 m.sec., and 40 m.sec. 
respectively. 
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Fic. 3.—Photographs of the patient's sketches in response to the 
presentation of item 15 in Fig. 1 at 32 m.sec. (on left) and 
40 m.sec. (on right). 





Fic. 4.—Photographs of the patient’s sketches in response to the 
presentation of item 16 in Fig. 1 at 40 m.sec. (on /eft) and at 
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Fic. 5.—Photographs of the patient’s sketches in response to the presentation of item 22 in Fig. 1 at 25 m.sec. (a), 32 m.sec. (b), 40 m.sec. 
(c), and 50 m.sec. (d). 


to each of these descriptions, are shown in Fig. 5. 
With the dazzle tachistoscope, the patient reported 





seeing pictures even when the intensity of illumina- 
tion was such as to make this impossible. Confabu- 
lation was marked at low intensities of illumination, 
but decreased as illumination became brighter. An 
example of this type of progressive change in the 
responses follows, the picture presented being item 
25 in Fig. 1. 


(1) With the picture invisible, “‘ it is a mediaeval 
dress, with feathers in the hat.” 

(2) The intensity of illumination was then 
increased in a series of steps, each step resulting in 
the following sequence of responses :— 

(a) *“‘ A big black arrow is pointing towards you. 
A man’s head is at the bottom.”’ 

(b) ** Still the man’s head. Above it is a figure 
like a great big bird. It is an arrow.” 
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into an auditorium.” 

(d) ** Looks like a mass of people.” 

(e) “‘ A sort of emblem. A donkey or a horse. 
A man on a horse.”’ 

(f) “* Aman standing. A little boy sitting down, 
and a little girl sitting in a chair behind them.” 

(g) “‘A man holding a little boy with his right 
hand. There are two chairs. The boy is facing one 
way. They are walking hand-in-hand.” 

(h) * A little boy holding hands. The man is in a 
helmet. The little boy is talking to him, but I see 
a little girl in a chair.” 

(3) With maximum illumination, *“* 1 see a man 
walking towards me, and a little boy holding his 
hand. The little girl is coming behind. In the back- 
ground there is a tree, and a lot of people like an 
audience.” 

With a second picture (item 24, Fig. 1), a similar 
series of responses was given, confabulation being 
greater when the picture was less intensely illumin- 
ated. Neither with the first nor with the second 
picture did the patient at any time complain of 
difficulty in seeing the figures, even at very low 
intensities of illumination. Instead, descriptive 
responses were produced immediately when re- 
quested, irrespective of the intensity of illumination 
and even when it was zero. 


Discussion 


In this study the patient produced elaborated 
descriptions and drawings of meaningful figures 
when these were presented as half-figures, or as 
outline figures without added detail. This elabora- 
tion occurred both in verbal description and in 
pictorial reproduction of the material, it appeared 
at durations of exposure well above the perceptual 
threshold, and it was consistently present with 
repeated exposures. 

Elaboration was most marked when the figures 
presented were ambiguous, especially when they 
were presented in the dazzle tachistoscope. In the 
latter circumstances, responses were more complex 
when the pictures were less likely to be seen clearly, 
and their elaboration decreased as the level of 
illumination increased, until more or less accurate 
identifications were made at high intensities of 
illumination. 

It seems reasonable to describe these responses as 
perceptual confabulation, as the patient reported 
seeing material bearing no relation whatsoever to 
the visual stimuli presented, and made ready answers 
without regard to reality. As the patient believed 
that she had actually seen the things that she 
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(c) ** Lots of figures. It looks like looking down 


reported and drew, her responses cannot be cop. 
sidered as mere invention. 

The patient’s completion of half-figures into whole 
figures, and her elaboration of details when repro. 
ducing non-detailed figures, may be regarded a 
lesser degrees of the same process. 

It is now necessary to consider to what extent the 
responses of this patient, responses involving com. 
pletion, elaboration, and frank confabulation, are 
dependent upon perceptual deficits or upon memory 
loss, or whether they are manifestations of some 
other underlying disturbance. 

It is hardly necessary to stress the fact that the 
phenomena cannot result from a perceptual deficit, 
for the patient was able to identify complete 
meaningful figures at exposure times within the 
range required by normal subjects. In the tachi- 
stoscopic study of her confabulation, all the pictures 
were presented at exposure times above threshold: 
and on several occasions she was capable of 
describing a figure correctly, although she produced 
marked elaborations in her drawings of it. It may 
be that there are subtle alterations of tachistoscopic 
perception in this patient that might be revealed 
in tests such as those employed by Talland (1958). 
But Talland indicated that the perceptual disorders 
of this order that he found in patients with 
Korsakoff’s syndrome could not be the basis of 
their disorders of memory or of their confabulation. 

Further, this patient’s performance cannot be 
attributed to a defect in immediate memory. 
Psychometric studies showed that her memory span 
for visually presented figures (and for digits) was 
adequate, and that reduplicating paramnesia oc- 
curred only in successive reproductions. In the 
present tachistoscopic investigations, all figures 
were described and drawn immediately after presen- 
tation in the Dodge apparatus, and every demand 
for reproduction was always preceded by a fresh 

exposure of the picture. With the dazzle tachisto- 
scope, the responses were recorded while the patient 
was actually watching the screen. 

These observations suggest that confabulation 
may be specially induced by visual stimuli in appro- 
priate circumstances; in other words, its production 
is a manifestation of a particular psychological 
“set”. That confabulation can be facilitated by 
certain conditions has previously been pointed out 
by Pick (1905), who noted that it could be provoked 
at will by appropriate interrogation of patients with 
Korsakoff’s syndrome, and similarly, it could be 
directed along any desired channel. If this be so, 
confabulation may in reality be a basic symptom 
of the disease processes occurring in Korsakoff’s 
psychosis, and not merely represent a phenomenon 
secondary to memory impairment. 
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CONFABULATION IN A CASE OF KORSAKOFF’S SYNDROME 


Many reports in the literature (e.g., Kral, 1956) 
point out that there is no invariable relation between 
memory loss and confabulation. However, the 
converse does obtain, viz., that there is no con- 
fabulation without impairment of memory. But 
this latter fact does not imply that a memory 
deficit is the causative factor in confabulation, and 


' it might be that a memory defect merely creates a 


“ set’ within which the appearance of confabulation 
is facilitated. In this respect, it is relevant to note 
that in 1901 Bonhoeffer attempted to identify two 
kinds of confabulation. He described one type, 
occurring during alcoholic delirium, that he con- 


' sidered to be a direct consequence of memory deficit. 


For the other type, he stated that a certain degree 
of attention (Aftentheit) and ‘* psychic alertness ”’ 
(geistige Regsamkeit) must be present, and he 
pointed out that in this case confabulation may in- 
volve more than is required by the mere necessity 
of filling a memory gap. 

It is important to enquire what are the conditions 
capable of facilitating a confabulatory response. 
In this respect, it seems that a confabulatory response 
may appear as the result of the interaction of two 
factors. One factor is represented by a particular 
stimulus set. Thus, in experimental situations in 
which there is a “‘ set of expectancy’, e.g., when 
the patient is “* set *’ to see something by telling him 
that he will see something, plus the presentation of 
certain incomplete and ambiguous stimuli, patients 
with Korsakoff’s syndrome may be induced to 
confabulate, as in the present study. 

The second factor is more difficult to identify, and 
as pointed out earlier, various views as to its nature 
has been proposed. It is possible that increased 
suggestibility (Pick, 1905) a specific personality 
make-up (Williams and Rupp, 1938) or a social 
process (Weinstein et al., 1956) may play a part in 
the development of confabulation. At present, 
there is little of real significance to be said about 
the explanation of this second factor in the genesis 
of confabulation, and the present study throws no 
light on its psychological nature. 
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Nevertheless, the findings in this case indicate that 
confabulation is a primary symptom of Korsakoff’s 
syndrome, and should not be regarded merely as a 
consequence of memory disturbance. 


Summary 


Different interpretations of the phenomenon of 
confabulation are reviewed. 

An experimental analysis of confabulation in a 
case of Korsakoff’s syndrome is reported. 

The facilitation of confabulation by tachisto- 
scopic presentation of particular types of visual 
stimuli is reported. 

It is suggested that confabulation should be 
considered a primary symptom of Korsakoff’s 
syndrome and not a result secondary to memory 
defect. 


We should like to thank Dr. Denis Brinton for his 
permission to report this case, to Dr. G. Wakefield for 
his help with its clinical aspects, and Professor O. L. 
Zangwill for his advice and his help in translating the 
German literature. 

We are also grateful to Mr. Pricket, of the Department 
of Photography of the National Hospital, for the 
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THE EFFECT OF FOCAL LESIONS OF THE BRAIN UPON 
AUDITORY AND VISUAL RECENT MEMORY IN MAN 


BY 


LUCJAN STEPIEN and STANISLAW SIERPINSKI 


From the Department of Neurosurgery, Polish Academy of Sciences, Warsaw, Poland 


The problem of recent memory and its impairment 
caused by focal lesions of the brain has in recent 
years aroused an increasing interest among 
experimental and clinical neurophysiologists. 

Earlier reports by Griinthal (1947), Glees and 
Griffith (1952), and Scoville (1954), as well as recent 
studies by Scoville and Milner (1957) and Penfield 
and Milner (1958), have shown the importance of the 
hippocampal complex for the normal processes of 

“memory retention in man. We now know that bi- 
lateral destruction of these medial structures of the 
temporal lobe (the uncus, the amygdaloid nucleus, 
the hippocampus, and the hippocampal gyrus) may 
cause severe and persistent disturbance of recent 
memory while leaving essentially intact other 
aspects of human behaviour such as old stable 
memories, the performance of professional skills, 
and so-called general intelligence. Even unilateral 
temporal lobectomy may be responsible for an 
immediate and grave loss of recent memory—as is 
usually the case after bilateral lesions—when the 
electroencephalographic examination points to inde- 
pendent abnormality in both inferior temporal 
regions. 

It is regrettable that there should be so few animal 
experiments bearing on this general topic. It is a 
fact that, so far, psychophysiology has been con- 
cerned almost exclusively with the investigations of 
old or static memory as opposed to recent or 
dynamic memory. One of the reasons for this 
paucity of information in animal experiments can 
probably be found in the lack of appropriate tests 
which will give a true measure of this phenomenon. 
As pointed out recently by Konorski (1959), those 
tests used in the past, such as the delayed response 
tests, conditioned inhibition, or trace conditioned 
reflexes, are open to criticism with regard to their 
potentiality as true indicators of recent memory 
performances in respect of the modalities of stimuli 
used in these tests. For this reason he suggests the 
use of a new testing procedure which eliminates most 
of the criticisms. This test uses compound stimuli 
and each stimulus is made up of two signals of the 
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same sensory modality separated by a short interval 
which may be varied from one to five seconds or 
more. As used in Konorski’s laboratory a com- 
pound stimulus consisting of two identical signals, 
e.g., two tones of identical pitch, is positive and is 
reinforced by food if it produces the appropriate 
response in the animal. On the other hand, when 
the second signal of a compound stimulus differs 
from the first, e.g., two tones of different pitch, the 
stimulus is negative and is not reinforced. In other 
words the compounds Sx-Sx and Sy-Sy . . ete. 
are positive while Sx-Sy and Sy-Sx are negative as 
long as x differs from y. 

The interesting feature in this testing procedure, 
and what distinguishes it from previously used tests, 
is that here the first signal has no significance in 
itself; it can be part of either a positive or a negative 
compound stimulus. The correct response is possible 
only when the animal retains the trace of the first 
signal up to and including the time of the second 
signal, so that the two can be compared. Thus when 
the first component of the compound stimulus is 
applied the animal does not “*know” whether he will 
get reinforcement or not, because this depends on 
the comparison of the second component with the 
first one. Consequently, the animal cannot antici- 
pate a particular kind of reaction, as is the case in 
delayed responses or in other tests in which the 
first signal of the compound already determines the 
positive or negative character of the conditioned 
reaction. 

There is some evidence in support of the view 
that recent memory traces of a given sensory 
modality may be irreversibly destroyed following 
lesions lying outside the sensory cortical projection 
areas. 

Chorazyna and Stepien (1960) applied the test 
described above for recent memory in their studies 
on auditory recent memory in dogs. After the 
animals had been trained to differentiate between 
the pairs of any identical tones (Sx-Sx) and any 
different tones (Sx-Sy), the area situated ventrally 
to the auditory projective area, namely, the gyrus 
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EFFECT OF FOCAL LESIONS OF BRAIN ON RECENT MEMORY 


'Sylviacus anterior and posterior, was removed 
bilaterally. 
‘completely and permanently the ability to differen- 


After this operation the dogs lost 


tiate this test, although not only simple differentia- 
tion but even conditioned inhibition was fully 
preserved. On the other hand, bilateral ablation 
of the prefrontal area, gyrus proreus and orbitalis, 
or of the projective auditory area, gyrus ectosylvius, 
did not impair the performance of our test 
(Chorazyna and Stepien, 1960). 

Similar results were obtained by Goldberg, 
Diamond, and Neff (1957) in cats. After bilateral 
ablation of the “insular and temporal cortex” ventral 
to the second auditory area AIlI, the discrimination 
between groups of tones which differ only in 
temporal pattern was lost, although simple tone 
discriminations were preserved. 

Even more convincing results were recently 
obtained by Stepieh, Cordeau, and Rasmussen 
(1960) in their studies on auditory and visual recent 
memory in monkeys. After the animals had been 
trained to differentiate between the pairs of identical 
and different rhythmic stimuli, both acoustic 
(clicks) and visual (flashes), different parts of the 
temporal lobe were removed bilaterally. After 
ablation of anterior parts of the first and second 
temporal gyri differentiation between the pairs of 
auditory stimuli was lost, while the performance of 
the same test with visual stimuli was preserved. 
The opposite was found after the ablation of posterior 
parts of the second and third temporal gyri and the 
gyrus fusiformis. After bilateral removal of the 
hippocampal complex (the uncus, amygdaloid 
nucleus, hippocampus, and hippocampal gyrus) 
differentiation of both auditory and visual tests was 
abolished. - 

To sum up, there is increasing evidence that “‘the 
recording of experience can be localized in the 
same sense that sensory functions and speech 
functions can be. Obviously, none of these sub- 
divisions is separable from the work of the brain 
as a whole’ (Penfield and Milner, 1958). We 
believe that the cortical areas lying in the immediate 
neighbouring of the sensory cortical projection 
areas as well as the hippocampal region are of 
critical importance for the maintenance of recent 
memory traces. 

In our department we are studying auditory and 
visual recent memory in patients with focal lesions 
of the brain, and the purpose of this report is to 
describe the method and the results of our in- 
vestigations, as well as to present one interesting 
case of temporal lobe epilepsy with recent memory 
impairment which cleared completely after removal 
of an epileptogenic area in the — fronto-temporal 
region of the brain. 
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Method of Examination of Recent Memory 


All examinations of recent memory have been per- 
formed using the method described by Konorski (1959) 
with all precautions indispensable in neurophysiological 
experiments. We applied the compound auditory and 
visual stimuli, the duration of the presentation period for 
each signal being two seconds and the interval between 
two signals of the compound from 10 to 120 seconds. 
The pairs of identical and different pitch of tones or the 
red light of identical and different intensity of brightness 
were used in our examinations. The stimulus tones and 
lights were produced by a generator apparatus with an 
automatic timer which controlled the duration of the 
stimulus and registered the strength and the latent period 
of reaction. As the aim of our investigations was the 
examination of recent memory and not of the ability 
to perform difficult or delicate differentiations of the 
auditory and visual stimuli, we always applied very large 
differences in tones as well as in brightness of the red light. 

At the beginning of the examination we explained the 
apparatus to the patient and he was instructed to press 
the spring connected with the recording instrument when 
the two signals of the compound auditory or visual 
stimulus would be identical. On the other hand, when 
the second signal would differ from the first, he should 
leave the spring alone. These instructions were repeated 
and trials given until we were quite sure that the patient 
understood the task. 

When the patient showed no difficulty in differentia- 
tion with an interval of 120 seconds between two signals, 
the task was made more difficult by introducing in the 
middle of the interval an additional, distracting stimulus, 
which turned the patient’s attention from the proper 
task, i.e., from keeping in mind the recent memory traces 
of the first signal. The distracting stimulus was always 
from another analyser than the one by which recent 
memory was examined. For example, during examina- 
tion of auditory recent memory the distracting stimulus, 
given in the interval between two tones, was the red 
or green light. When the red light was applied the 
patient should press the spring of the recording appa- 
ratus but after lighting the green lamp he should leave 
the spring alone. 

The daily test period usually consisted of 10 to 30 
trials, depending on the length of the intervals and on the 
general health of the patient. On the first sign of 
weariness we stopped the examination. 

Usually, we performed recent memory exarninations 
before as well as after operation. We were able, there- 
fore, to compare the effect on recent memory produced 
by increased intracranial pressure and by focal lesions 
of the brain alone. 


Results 


Control Group.—As a control group we examined 
12 patients with peripheral nerve injuries or genuine 
epilepsy. No difficulties were observed in differ- 
entiation in our test for recent memory with 
120 seconds’ interval between two signals and with 
a distracting stimulus in the middle of this interval. 
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Patients with Focal Lesions of Brain.—In this 
group 50 patients with focal lesions of the brain 
were examined: gliomas 37, meningiomas 7, 
traumatic lesions 3, abscess 2, and sclerotic ab- 
normality in the hippocampus 1. In all cases the 
character of the lesion, its localization and extent 
could be precisely determined by operation and 
microscopic examination. 

In 15 cases the lesion was situated in the frontal 
lobe (12 in the left and three in the right hemi- 
sphere); in 15 cases in the parietal lobe (seven in 
the left and eight in the right hemisphere); in 
15 in the temporal lobe (11 in the left and four in the 
right hemisphere); in four the junction of the left 
temporal, parietal, and occipital lobe was damaged; 
in one case of malignant glioma the whole left 
hemisphere of the brain was removed; and in the 
last one, sclerosis of the right amygdalo-hippo- 
campal complex was found (Table I). 


TABLE I 
LOCALIZATION OF FOCAL BRAIN LESIONS IN 50 CASES 











| | ; 
Left Right H 
| Hemisphere | Hemisphere Total 

Frontal lobe 12 3 | 15 
Temporal lobe 11 4 15 
Parietal lobe 7 8 | 15 
Temporo-parietal- 

occipital junction 4 — 4 
Hemispherectomy 1 _— 1 
Total 35 15 — 





On the basis of our present investigations we may 
assume that unilateral lesions of the frontal or 
parietal and/or temporal lobe, either right or left 
(dominant) hemisphere cause no impairment of 
auditory or visual recent memory. Even in those 
cases in which the intracranial pressure before 
operation was greatly increased, the differentiation 
in the recent memory test was normal. 

Impairment of recent memory performance was 
found in only three patients: (1) after nearly com- 
plete left hemispherectomy; (2) in a patient with a 
malignant glioma of the left temporal lobe in- 
filtrating the insula and optic thalamus; and (3) in 
an epileptic patient with sclerotic abnormalities in 
the amygadalo-hippocampal region. 


Case 1.—C.B., aged 34 years, was operated upon 
three times because of a malignant glioma of the left 
hemisphere of the brain. During the third operation 
performed on April 2, 1958, almost the whole left 
hemisphere was removed. The tumour infiltrated the 
nucleus caudatus and the optic thalamus. 

Neurological examination revealed right hemiplegia 
and hemianaesthesia, a right homonymous hemianopsia, 
severe disturbances in verbal repetition, understanding, 


and nomination. The patient was apathetic and poorly 
orientated in time and place. 
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Recent memory examinations were performed foy 
weeks after operation. The patient was able to differ. 
entiate the auditory test only when the interval between 
two tones was not longer than five seconds. The visual 
task was solved with an interval between two signals a; 
long as 30 to 60 seconds (Table II). 


TABLE II 
RESULTS OF RECENT MEMORY EXAMINATIONS IN CR 





| | 
Interval between 








Auditory Test | Visual Test 
Two Signals —_— 

(sec.) Trials Errors | Trials Errors 

2 | 20 1 — 

5 | 37 2 10 0 
10 60 19 10 0 
20 | 20 7 10 0 
30 10 4 10 I 
60 1 — — 


12 1 





Case 2.—A.J., aged 50 years, was operated on on 
December 2, 1957, for a malignant glioma of the left 
temporal lobe infiltrating the insula and basal ganglia. 
The whole temporal lobe, the inferior part of the 
parietal, and the anterior part of the occipital lobe were 
removed. There was right hemiplegia and hemi- 
anaesthesia, and very grave disturbances of speech and 
disorientation for time and place. 

Examination of recent memory four months after 
operation showed that the patient was completely unable 
to differentiate between the auditory and visual test 
(Table ITI). 


TABLE III 
RESULTS OF RECENT MEMORY EXAMINATIONS IN A.J. 














Interval between | Auditory Test | Visual Test 
Two Signals —— 
(sec.) | Trials Errors | Trials Errors 
| 20 80 30 
5 158 46 51 15 
10 | 64 28 





In the first two cases recent memory disturbances 
were caused by large and deeply situated malignant 
tumours of the brain and were associated with other 
evidence of severe and widespread impairment of 
intellectual abilities, therefore they will not be the 
subject of our further analysis and discussion. On 
the other hand, the third case, in which recent 
memory deficit produced by a lesion in the hippo- 
campal zone cleared completely after resection of an 
epileptogenic region, seems to be very interesting 
and will be presented in detail. 


Case 3.—H.K., aged 15 years, was admitted to the 
Department of Neurosurgery, Polish Academy of 
Sciences, Warsaw, on September 11, 1959, with a history 
of recurrent seizures since the age of 6 months. These 
had been increasing in frequency and severity despite 
treatment by various anticonvulsant drugs. Her birth 
was thought to have been normal but she had had 4 
convulsive seizure at the age of 6 months and the lef 
hemiparesis was noted then. 
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Seizure Pattern.—The attacks began with a sensation 
in the heart region, at times accompanied by pal- 
pitation and nausea. After this the eyes and head turned 
to the left, the left extremities became rigid and ex- 
tended, followed by jerking movements in the arms and 
legs, beginning in the left arm. Afterwards there was a 
deeper hemiparesis of the left extremities for about 
20 to 30 minutes. These attacks lasted for about two 
to five minutes and appeared usually every three or 
four days, but sometimes were repeated many times a 
day. 

Physical Examination.—There was slight paresis of the 
lower portion of the left facial nerve and of both left 
extremities; the tendon and periosteal reflexes were 
all hyperactive on the left side. Examination of the 
blood and urine revealed nothing abnormal. The 
Wassermann test on blood and cerebrospinal fluid was 
normal. 


Radiological Findings.—The plain films of the skull 
showed slight elevation of the floors of the anterior and 
middle fossae on the right. The pneumoencephalograms 
showed the ventricles to be of normal size, but all parts 
of the right lateral ventricle were very slightly wider than 
the corresponding parts on the left. 


Electroencephalographic __Findings.—Three _ electro- 
encephalographic examinations were summarized by 
Dr. T. Bacia as follows: 


“The electroencephalograms revealed continuous 
multiple spikes, multiple spike-and-wave patterns, and 
slow wave complexes at frequencies between 2 and 3 
per second from the right frontal and temporal regions 
and phase reversals in the anterior part of the right 
temporal lobe. Sporadic sharp waves and wave-and- 
spike complexes occurred in the left temporal region, 
1/5 second later in comparison with the abnormalities 
in the right temporal lobe.” 
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Pre-operative Examination of Recent Memory.—The 
patient was a rather anxious young girl of average in- 
telligence who showed no impairment of memory for the 
distant past or loss of attention, concentration, reasoning 
ability, or verbal recall. She was able to repeat nonsense 
syllables or series of numbers after even as long as five 
minutes. 

The ability to discriminate our test for auditory and 


TABLE IV 
RESULTS OF RECENT MEMORY EXAMINATIONS IN H.K. 










EFFECT OF FOCAL LESIONS OF BRAIN ON RECENT MEMORY 


























Interval | No Distraction Distraction 
M between in Interval in Interval 
: Two Signals | 
(sec.) | Trials Errors Trials Errors 
, Auditory Recent | 
; Memory: } 
12 1 —- | — 
20 7 0 — _ 
30 10 0 —- | — 
60 10 | 0 28 13 
120 10 4 10 6 
Visual Recent | | 
Memory: 
i0 _ = S i - | 
20 10 0 — _— 
60 ee ee 14 
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visual recent memory revealed definite disturbances. 
She was able to perform the task only when the interval 
between two signals was 60 seconds and when she was 
permitted to keep her attention upon it. But when the 
distracting stimulus was interposed between the two 
signals of the compound stimulus she was quite unable 
to keep in mind the first signal and therefore the 
differentiation of both auditory and visual stimuli was 
destroyed (Table IV). 


Operation.—On October 6, 1959, a right fronto- 
temporal osteoplastic craniotomy and a partial frontal 
and temporal lobectomy were performed. 

Under local anaesthesia, a curved incision was made 
and a fronto-temporal scalp and bone flap turned down. 
The dura was thick and dense adhesions were seen be- 
tween the dura and leptomenings in the temporal region. 
When the dura was opened the sulci and blood vessels 
on the surface of the brain appeared more or less normal 
but there was some pallor of the cortex in the region of 
the operculum frontale and of the first and second 
temporal gyri. Electrocorticography showed abnormal 
discharges recorded by the electrodes which had been 
placed at the points marked in Fig. 1. 

Electrical stimulation (50 cycles, 1 millisecond, 3-8 
volts) outlined the fissure of Rolando and the stimulation 
of this region caused after discharges in the cortex of the 
temporal lobe (Fig. 1). 
























Fic. 1.—Operation photograph. Numbered tickets indicate sites of 
positive response to stimulation, lettered tickets sites of electro- 
graphic abnormality. 


A—spikes, spike-and-wave complexes, and phase reversals 
B—slow waves 

C—spikes 

D, E—slow waves and spikes 

F—spikes and phase reversals 

G, H—sharp waves 


Point 1/3v/— Flexion of the index finger. 
2/3v/—Nothing. 
2/4v/—Flexion of the middle finger and the hand. 
3/3v/—Nothing. 

3/S5v/—After discharges in points A, C, D, and H. 
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Fic. 2.—Operation photograph. Same as in Fig. 1, but after removal 
of epileptogenic areas. 


It was concluded that there must be an epileptogenic 
zone of the cortex in the anterior part of the temporal 
lobe and in the operculum frontale and we decided to 
remove those areas. During the process of removal 
marked abnormality was encountered in the region of the 
amygdaloid nucleus and the hippocampus. It was typical 
of epileptogenic tissue, the gray matter being tough and 
yellow. 

After removal of the anterior temporal lobe, including 
the whole of the uncus and hippocampal gyrus and the 
operculum frontale, a second electrocorticogram was 
carried out, which showed abnormal potentials of the 
epileptogenic variety still present in the lateral and 
inferior temporal frontier. Further brain tissue was 
removed and the electrocorticogram repeated. After 
this excision all high-voltage activity had disap- 
peared. 

The final line of removal is shown in the operation 
photograph (Fig. 2) and in the brain chart (Fig. 3). On 
the lateral surface of the temporal lobe the line of ablation 
was 63 cm. along the fissure of Sylvius and 7 cm. along 
the inferior temporal surface. In the opercular region 
the removed cortex was triangular in shape with equal 
arms; the base of the triangle was 24cm. along the 
fissure of Sylvius and the height 3 cm. 


Post-operative Course.—The post-operative course was 
uneventful. The neurological examination revealed a 
left upper quadrant homonymous visual field defect, but 
otherwise the status was as before operation. Un- 
fortunately, she had one small attack on the second 
post-operative day. 

Post-operative electroencephalograms showed residual 
abnormality over the right frontal and temporal regions 
but no epileptogenic focus was found (Dr. T. Bacia). 





Fic. 3.—-Diagram of the right hemisphere of the braia showing area 
of excision of temporal and fronto-opercular cortex. 


Test of Recent Memory.—The most interesting feature 
of the post-operative course was the disappearance of 
all disturbances of recent memory, which were so clearly 
seen before the operation. The examination of auditory 
and visual recent memory showed that the patient had 
no difficulty whatever in differentiation in our test for 
recent memory even when the interval between two 
signals was 120 seconds and when the distracting stimulus 
was given in this interval (Table V). 


TABLE V 


RESULTS OF RECENT MEMORY EXAMINATIONS IN H.K 
AFTER REMOVAL OF EPILEPTOGENIC ZONES 





No Distraction | 
in Interval 


Interval 


Distraction 
between 








| in Interval 
Two Signals $$  — $$$ | ———__—_—__ ,_—___- 
(sec.) Trials | Errors Trials | Errors 
Auditory Recent 
Memory: 
27 0 20 0 
120 20 0 21 0 
Visual Recent 
Memory: 
60 20 0 20 0 
120 20 0 10 0 





Thus we may assume that after the removal of 
an epileptogenic focus in the right temporal and 
frontal gyri which generated abnormal discharges 
in both temporal lobes, the patient had no more 
difficulty in differentiation in our tests for recent 
memory. This was also true in a control examina- 
tion performed on January 22, 1960, three months 
after operation. 
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Discussion 

It is now almost generally accepted that there are 
two different physiological mechanisms underlying 
two different kinds of memory traces, e.g., of lasting 
effects produced in the central nervous system by 
stimuli impinging upon it. Stable or static memory 
is due to certain micromorphological changes, 
growing and multiplication of synaptic contacts 
between the axons (Ramon y Cajal, 1911; Child, 
1921; Coghill, 1929; Konorski, 1948). The other 
kind—recent or dynamic memory—lasting only for 
a number of seconds, minutes, or hours, is attributed 
to the reverberating chains of neurons, activation of 
which may persist for a relatively long time after the 
actual stimulation of neurons (Hebb, 1949). 

If we hold the view that the impulses which 
circulate in the reverberating circuits constitute the 
physiological basis responsible for recent memory, 
then the important problem arises of where these 
reverberating chains of neurons are situated. Since 
the classical experiments of Jacobsen (1936), who 
demonstrated that after bilateral ablations of the 
prefrontal area in monkeys the delayed responses 
are abolished, it was generally held that the normal 
function of frontal lobes of the brain is an in- 
dispensable condition for recent memory processes. 
However, the more accurate analysis of the im- 
pairment of the delayed responses after frontal lobe 
ablations, performed by Konorski and Lawicka 
(1959), showed that prefrontal lesions produce the 
deficit in recent memory of directional cues only 
instead of recent memory in general, as was stated 
by Jacobsen. We have some evidence to believe 
that after prefrontal ablations other forms of recent 
memory, ¢.g., auditory recent memory, are quite 
normal (Chorazyna and Stepien, 1960). 

There is a great body of evidence showing that 
the associative areas of the temporal lobe play an 
important role in the physiological processes of 
recent memory. We know that bilateral ablations 
of the so-called associative auditory area (the area 
situated ventrally or anteriorly to the auditory 
projective area) produce severe and irreversible im- 
pairment of auditory recent memory but lesions in the 
associative visual area (the infero-posterior parts 
of the temporal lobe) cause deficit in visual recent 
memory, leaving other kinds of memory and the 
whole personality of the animal quite intact. 

On the other hand, clinical and experimental data 
show that bilateral hippocampal lesions produce a 
Striking deficit of recent memory in general. 

Of 50 patients with focal unilateral lesions of the 
brain there were 15 cases with lesions in the temporal 
lobe (11 left and four right hemisphere) and four 
cases with lesions in the left temporo-parietal 
occipital junction. The lesions were so large that 


they should have covered the regions similar to 
associative areas (auditory and visual) in animals. 

The results of our examinations seem to show that 
unilateral lesions, situated in the temporal, parietal 
or frontal lobe—independent of the side (dominant 
or subordinate hemisphere)—produce no impair- 
ment of auditory or visual recent memory. They 
are similar to those obtained in animal experiments 
and show that recent memory processes in man, as 
in animals, are connected with both cerebral hemi- 
spheres. The same results were obtained by 
Penfield and Milner (1958) in their study of recent 
memory in patients with temporal lobectomies. 
They performed the examinations of recent memory 
using psychological tests which showed general 
impairment of recent memory without giving the 
opportunity of more accurate analysis of different 
modalities of memory. Of over 90 patients with 
unilateral temporal lesions in the left or right 
hemisphere, loss of recent memory appeared only 
in two cases. In both cases the operation was in 
the dominant (left) hemisphere and the E.E.G. 
examinations before operation revealed two in- 
dependent epileptogenic zones lying in both temporal 
lobes. 

Our patient H.K. is a good example, showing the 
important role of the infero-ventral parts of the tem- 
poral lobes for recent memory and emphasizing that 
only bilateral lesions of these areas produce memory 
deficit. Before operation, when the epileptogenic 
zone in the right fronto-temporal region generated 
afterdischarges in the left temporal area, there were 
severe disturbances in differentiation of the auditory 
and visual test for recent memory. It was shown 
that the control group and the patients with uni- 
lateral temporal lesions had no difficulty in per- 
forming this task, even with an interval of 120 
seconds between two signals and with the dis- 
tracting stimulus applied in the middle of the 
interval. On the other hand, H.K. was quite 
unable to differentiate our test with a 60 seconds’ 
interval between two signals if the distraction was 
introduced in the middle of this interval. It looks 
as if a distracting stimulus applied in the interval 
‘“‘washed out” the memory traces of the first signal 
and the patient, therefore, could not compare it 
with the second signal. 

Very similar disturbances were found in patients 
described by Penfield and Milner (1958). 

“They could retain in mind a sentence or a short 
sequence of numbers, provided they were permitted to 
keep their attention upon it, even as long as 15 minutes 
if no one spoke to them. But if they turned their atten- 
tion to something else, even momentarily, they might 


forget the previous matter completely—might even 
forget that there was a previous matter.” 


Careful analysis of the electroencephalographic 
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studies in H.K. revealed the epileptogenic zone in 
the right fronto-temporal region which generated 
afterdischarges in the left temporal lobe. Accord- 
ing to Penfield’s theory, we believe that the right 
hippocampal complex was completely destroyed 
and all memory processes must have been carried 
by the left temporal lobe, the function of which was 
also more or less completely impaired by the patho- 
logical afterdischarges. This was the reason for the 
recent memory deficit. After all epileptogenic 
areas lying in the right fronto-temporal region had 
been removed, the E.E.G. studies showed no patho- 
logical afterdischarges in the brain activity and at 
the same time the patient had no more difficulty in 
differentiation in our test for recent memory. 

This conclusion seems to be in full agreement with 
Penfield’s opinion that the hippocampal complex 
plays an important role in preserving the recent 
memory traces when the person turns his attention 
to something else. After bilateral ablation of this 
area an essential mechanism for recording and 
preserving conscious experiences is destroyed and 
therefore all recent memory traces are ‘washed 
out” by any new stimulus which turns the attention 
from previous experience. We do not know whether 
the hippocampal complex is the place where recent 
memory traces are laid down, or it may be that the 
hippocampal zone is only a half-way station leading 
the impulses to some other structures in the “‘cen- 
trencephalic system’’, which has duplicate con- 
nexions with the two hippocampal areas (Penfield 
and Milner, 1958). 

Also it may be that a normal function of the 
hippocampal zone is that of an indispensable factor 
for the maintenance and consolidation of recent 
memory traces in some other cortical and sub- 
cortical areas of the brain. Numerous afferent and 
efferent connexions between hippocampus and 
thalamus and hypothalamus and centrencephalic 
system appear to fit the hippocampus for the role of 
a “universal analyser’ of non-specific stimuli 
(Yakovlev, 1952) or of a “‘non-specific” or “‘catalytic”’ 
activator (Herrick, 1933; Griinthal, 1947), which is 


‘Chorazyna, H., and Stepien, L. (1960). 
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basic for the proper functioning of all specific 
cortical analysers and for higher integration of 
impulses. 


Summary 


Auditory and visual recent memory was examined 
in 50 patients with unilateral focal lesions of the 
brain using a new test for recent memory proposed 
by Konorski (1959). 

Unilateral lesions situated in the temporal, 
parietal, or frontal lobe, quite independent of the 
side (dominant and subordinate hemisphere), cause 
no impairment of auditory or visual recent memory, 


An interesting case is presented in which a deficit § 


for recent memory produced by a lesion in the right 
hippocampal zone giving afterdischarges in both 
temporal lobes cleared completely after the radical 
removal of an epileptogenic focus in the right 
fronto-temporal region. 

This is a confirmation of Penfield’s theory that 
the hippocampal complex plays an important role 
in the normal processes of memory retention in 
man. 
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5-HYDROXYINDOLES IN MENTAL DEFICIENCY 


BY 


C. M. B. PARE, M. SANDLER, and R. S. STACEY 


From the Bethlem Royal and Maudsley Hospitals, the Departments of Chemical Pathology at Queen Charlotte’s 
Maternity Hospital and the Royal Free Hospital School of Medicine, and the Department of Pharmacology and 
Therapeutics at St. Thomas’s Hospital Medical School, London 


During a previous investigation in which a 
decreased production of 5-hydroxyindoles was 
demonstrated in phenylketonuric patients (Pare, 
Sandler, and Stacey, 1957, 1959), we observed that 
some non-phenylketonuric mental defectives had 
abnormally high serum levels of 5-hydroxytrypta- 
mine (5-HT). We have now extended our observa- 
tions and tried to define the extent and significance 
of this finding. 


Subjects and Methods 


Eighty-three non-phenylketonuric mentally defective 
patients of all ages, drawn from four hospitals, and 
68 subjects in various control groups were considered in 
this survey (Table I). To aid classification, questionnaires 
were sent to the parents of a large proportion of the 
patients requesting information about antenatal, peri- 
natal, and postnatal periods. 


Serum and Piatelet 5-HT.—This was assayed by the 
methods of Hardisty and Stacey (1955) with the following 
modifications. Estimations were done routinely on 
serum because of the difficulty in transferring to the 
laboratory specimens of blood for platelet 5-HT estima- 
tions from patients in hospitals some distance away. 
The use of serum has the disadvantage that some 5-HT 
is lost in the red cells (Stacey, 1956). To keep variation 
due to this as low as possible the method of obtaining 
serum was standardized. Blood obtained by venepunc- 
ture was immediately put into a centrifuge tube and 
left in an incubator at 37° C. for 20 minutes. The clotted 
blood was then taken on ice to the laboratory where the 
serum was separated by centrifugation and 5-HT 
extracted with acetone. Normal values were 12% higher 
than those previously reported, and replicate estimations 
on the same blood were in good agreement. 

The capacity of platelets to absorb 5-HT was measured 
by a method (Stacey, to be published) in which platelet- 
rich plasma was incubated at 37° C. for 90 minutes with 
excess 5-HT and in an atmosphere of 5% CO,. 


Platelet Adenosine Triphosphate.—Adenosine triphos- 
phate (A.T.P.) was estimated in platelets by the fire-fly 
luminescence method of Strehler and Totter (1954) after 
extraction with trichloracetic acid. 


Urinary 5-Hydroxyindoleacetic Acid (5-HIAA) and 
Creatinine.—-These estimations were carried out by 
methods used previously (Pare et al., 1957). Overnight 
urine samples were used when possible, but many of the 
patients were incontinent and with these random speci- 
mens were used; results are expressed in terms of crea- 
tinine excretion. They will therefore only reflect the 
daily output of 5-HIAA if creatinine excretion is normal. 
No precautions were taken to control dietary intake of 
5-hydroxyindoles. For these reasons less reliance can 
be placed on the 5-HIAA than on the 5-HT figures. 


TABLE I 


MEAN SERUM 5-HT AND URINE 5-HIAA IN NORMAL 
SUBJECTS, IN MENTAL DEFECTIVES, AND IN VARIOUS 
OTHER GROUPS 





| mg. 5-HIAA per 
ng. 5-HT/ml. serum | g. urine creatinine 





Mean (No.) +S.E. | Mean (No.) +S.E. 





1 Normals 145 (16) +13 3-9 (40) +0-12 
Adults 130 (7) +16 3-9(18) +0-40 
Children 157 (9) +15 3-9 (22) 0-46 

2 Cerebral palsy (mor- | 136 (12) +12 3-5 (9) +0-47 
mal intelligence) | 

3 Cerebral palsy 351 (28) +26 7:7(25) +0-73 
(1.Q. < 50) 

4 Mongolism 146 (10) +18 7-0(10) +1-2 

5 Epiloia (tuberous 215 (6) +18 6-15 (6) +1-4 
sclerosis) 

6 Phenylketonuria* 79 (26) +10 2:6 (26) i10-23 

7 Maternal rubella 391 (4) +66 69(4) i2-18 

Various other mental 
defectives 

8 Gargoylism 276 (1) — 15-6 (1) — 

9 Sturge-Weber syn- | 367(1) — | 73(1) — 
drome | 

10 ‘“‘ Cerebral lipidosis’’ | 490 (1) — 10-0 (1) — 

11 Ichthyosis with spas- | 120(1) — 7:2(1) — 
tic paraplegia 

12 Hypertelorism ' 137 (1) —_— 6°6 (1) —_ 

13. Unclassified 297 (30) +24 6-8 (29) +0-47 

Others 

14 Epilepsy (normal in- | 104 (4) +15 2-8 (4) +0-46 
telligence) 

15 Schizophrenia 89 (3) +12 — — 

16 Dementia due to | 222 (4) +38 -- — 
anoxia 

17 Dementia due to | 158 (5) +27 — — 


other causes 





*From Pare et al. (1959). 

Numbers of subjects are given in brackets. The values in italics 
(P < 0-05) and in heavy type (P < 0-001) are significantly different 
from the corresponding values for normals 
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Results 


Serum 5-HT and urinary 5-HIAA levels in mental 
defective and control groups are shown in Table I. 
In many cases, estimations of serum 5-HT were 
made on a number of occasions over several months 
and there was good agreement. As there was no 
significant difference between normal adults and 
children for either 5-HT (P > 0:2) or 5-HIAA 
(P =< 1) values, these control groups will be con- 
sidered together for purposes of statistical com- 
parison with defective groups. The findings in the 
defective groups appeared to be independent of the 
hospital of origin, and could not be correlated with 
the taking of particular drugs. The case of anti- 
convulsant drugs is examined later. 

From Table I it is apparent that in a wide variety 
of cases of mental deficiency the amount of 5-HT 
in the serum was very abnormal and that there were 
similar changes in the excretion of 5-HIAA. 


In Cerebral Palsy.—These patients all had a 
symmetrical spastic paraplegia or athetosis and fall 
into two groups: 12 with average intelligence 
attending a residential school for spastics and 28 
imbeciles and idiots. The mean serum 5-HT and 
urine 5-HIAA were normal in the patients with 
normal intelligence; both were considerably raised 
in the defectives, 26 of whom were in-patients and 
two out-patients. Both out-patients and all but four 
in-patients had a serum level of 5-HT above the 
normal range (100-250 ng./ml.). The mean for those 
with athetosis did not differ from the mean for those 
without it. Two cases of kernicterus had a high 
serum 5-HT. 


In Mongolism.—Nine out of 10 cases had a normal 
serum 5-HT; the remaining case had 257 ng. 
5-HT/ml. This child had a history of severe birth 
injury, he was cyanosed, and needed to be nursed 
in an oxygen tent for the first seven days of life. 
In six out of the 10 the 5-HIAA excretion was high. 


In Epiloia.—In all cases the serum 5-HT was 
around the upper limit of the normal range; no 
very high values were found. 


In Phenylketonuria.—These figures (quoted from 
Pare et al., 1959) are included for comparision and 
show the low serum 5-HT and urine 5-HIAA 
already reported. 


In Maternal Rubella.—All four cases had serum 
5-HT above the normal range though in only one 
was the urine 5-HIAA very high. 


In Various Other Mental Defectives.—High values 
for both compounds were found in single cases of 
Sturge-Weber’s syndrome, gargoylism, and in a 
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case of probable cerebral lipidosis. 


A single case 
of spastic paraplegia associated with ichthyosis 
has not been included with the cases of cerebra| 
palsy as this is an overt genetic condition (Sjogren 
and Larsson, 1957; Richards, Rundle, and Wilc<ing, 


1957). This patient had a normal serum 5-HT a; 
did the only case of hypertelorism investigated. The 
unclassified group contains all the other mentally 
defective cases investigated and consists of patients 
in whom diagnosis and aetiology were insufficiently 
precise to warrant inclusion in any other group. 
In 20 the serum 5-HT was above the normal range, 
in 11 within it. 

For comparison with the cases of mental deficiency 
and in the hope that it might shed some light on the 
abnormalities reported above, a few other cases 
of gross mental abnormality were also investigated. 





Four out-patients of normal intelligence who were | 


receiving large doses of anticonvulsants for major 
epilepsy had normal serum 5-HT and three cases of 
long-standing schizophrenia with gross mental 
deterioration somewhat low values. Four cases of 
dementia due to cerebral anoxia were examined. 
One of these, a case of mild dementia following 
cardiac arrest, had a normal serum 5-HT, two cases 
of Korsakoff’s syndrome had serum 5-HT at the 
upper limit of normal, and one patient with a pneu- 
monectomy in whom a confusional state followed 
a severe bronchopneumonia, had a high serum 
5-HT (328 ng./ml. serum). Five cases of dementia 
not associated with an anoxic incident included 
three patients with presenile dementia, of whom one 
had a serum 5-HT at the upper limit of normal. The 
others, together with one case of arteriosclerotic 
dementia and one of Huntington’s chorea, were all 
normal. 


Aetiology.—Cases were classified according to 
whether the cause of the condition was genetic or 
due to damage in intra-uterine life, at birth, or in 
the immediate postnatal period. In well-defined 
clinical entities with a genetic aetiology no con- 
sistent change in serum 5-HT was found. In 
phenylketonuria it was low; in mongolism, hypertelo- 
rism, and the mentally defective spastic with con- 
genital ichthyosis normal; in epiloia at the upper 
limit of normal; and in gargoylism, Sturge-Weber’s 
syndrome, and “cerebral lipidosis *’ high. In five 
of these conditions, however, only a single case was 
investigated. 

Classification according to the time of brain 
damage could be made with some degree of cer- 
tainty in only a small proportion of the cases, as in 
many either more than one aetiological factor was 
present or the significance of the incidents reported 
could not be assessed. However, from the cases 
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5-H YDROX YINDOLES IN MENTAL DEFICIENCY 


where this classification could be made there ap- 


peared to be no clear difference between the level 


of serum 5-HT in the three groups; all contained a 
+ ' large proportion of patients with high serum 5-HT. 
Lic ing, Fe 


Physical Handicap.—Patients could be divided 
into those with *‘ normal ”’ physical functioning, in 
that they could walk normally, feed themselves, and 
within the limits of their mental deficiency and the 


- hospital setting, lead a fairly normal life, and those 
| with some degree of physical handicap. The second 
_ group consisted mainly of patients with central 


nervous system lesions giving rise to paresis, but 
also included those who, because of the severity of 
their mental defect, were unable to walk, sit up, or 
feed themselves in even the crudest manner. 
The degree of physical handicap was graded 
roughly on a five-point scale: 
0 = normal physical functioning 
| slight handicap, but still able to walk without 
support 
2 = unable to walk without support but sits unaided 
and uses hands purposefully 
3 = sits only with support but uses hands in a 
purposeful manner 
4 = unable to sit and makes no purposeful move- 
ments 


Many cases with a high serum 5-HT had normal 
physical functioning. To see if there was any 
correlation between physical handicap and serum 
5-HT it was therefore necessary to take a group as 
similar in other respects as possible. For this 
purpose 29 mentally defective spastics were grouped 
according to their physical handicap (Table I1) and 
the mean serum 5-HT and 5-HIAA estimated for 
each group. There appeared to be no correlation 
between the degree of physical handicap and 
either serum 5-HT concentration or urine 5-HIAA/ 
creatinine ratio. 


TABLE Il 


COMPARISON OF DEGREE OF HANDICAP WITH SERUM 
S-HT AND URINE 5-HIAA IN A GROUP OF MENTALLY 
DEFECTIVE SPASTICS 





No. Mean _— 


Mean Urine 
Degree of Handicap | of 5-H 5-HIAA 





Cases (ng./ml.) (mg./g. creatinine) 
iv; ge 3370 6-6 . 
2 |; 9 288 8-1 
3 4 513 8-1 
4 13 326 7:2 





29 





Intelligence.—The difference between the findings 
in the mentally normal and mentally defective cases 
of cerebral palsy has already been referred to. In 
Table Ill two groups with physical grade 2 are 
compared and the difference is seen to persist. 
Nevertheless, when patients with different degrees 
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TABLE Ill 


CASES OF CEREBRAL PALSY OF NORMAL INTELLIGENCE 
COMPARED WITH CASES WITH SIMILAR DEGREE OF 
PHYSICAL HANDICAP OF 1.Q. < 50 





Mean — Mean Urine 





t | 5-HIAA 
(ng./ml.) +S.E. (mg./g. creatinine) +S.E. 
Average intelligence 135 +15 (10)* | 3-5 +0-7(7) 
Mentally defective - 307 +50(7) | 8-0 +2-2(7) 
P < 0-05 P= 0-05 





* Number of patients in brackets. 


of mental deficiency were compared the serum 5-HT 
did not appear to vary with the deficiency. The 
defective patients studied were mostly idiots and 
low-grade imbeciles and intelligence tests are 
necessarily inaccurate in such cases. However, with 
the help of Dr. R. F. Woodward, the psychologist 
who tested the children, 52 children at one hospital 
were divided into two groups: 11 more intelligent 
and 41 less intelligent. The mean 5-HT values for 
these patients were: more intelligent 293 ng./ml., 
less intelligent 338 ng./ml. This difference was not 
significant (P > 0-3). 


Symptomatic Epilepsy.—A possible relationship 
between epilepsy and/or anticonvulsant drugs and 
serum 5-HT was also investigated. Twenty-eight 
mentally defective patients with epilepsy had a 
mean serum 5-HT of 334 ng./ml., and 37 without 
epilepsy had a mean of 285 ng./ml. This difference 
was not significant (P > 0-1). 


Nutrition.—To investigate a possible relationship 
between weight and serum 5-HT, 65 defective chil- 
dren were divided into two groups, one of 38 whose 
weights were less than the third percentile for normal 
children (for references see Tanner, 1958) and one 
of 27 whose weights were above this limit. There 
was no significant difference between the mean 
serum 5-HT of the two groups (P > 0-3). 


Comparison of 5-HT and 5-HIAA.—A comparison 
has been made between 5-HT and 5-HIAA within 
the larger groups and a positive correlation found 
in both the mentally normal and mentally defective 
cases with cerebral palsy, in epiloia, and in phenyl- 
ketonuria. The correlation was only significant, 
however (P < 0.05), in the group of patients of 
normal intelligence with cerebral palsy. In the 
group of mongols there was a small negative 
correlation which was not significant. 

The between-group correlation coefficient for 
groups 2 to 14 in Table I, weighted by multiplying 
each factor by the number in the group, was 0-85; 
this was highly significant (P < 0-001). The means 
for these groups are plotted against one another 
in Fig. 1. 
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Fic. 1.—Mean serum 5-HT and urine 5-HIAA creatinine ratio of 
groups in Table I. 


The area of the rings is roughly proportional to the number 
of cases in the group; solid spots indicate single cases. 


Platelet 5-HT before and after incubation in vitro 
with excess 5-HT was measured in 10 mentally 
defective subjects with serum 5-HT greater than 
250 ng./ml. and in seven normal controls (Table IV). 
it will be seen that the raised serum 5-HT in the 


defective subjects was due to a rise in blood 5-HT 
This in turn can be ascribed to (1) an increase 
platelet count (a mean increase of 45 % was observed. 
significant at the 5% level) and (2) each platele 
containing about twice as much 5-HT as normally, 
This table also shows that platelets from the defective 


patients (when incubated with 5-HT) reached the } 


same 5-HT content as normals. In one mongol! with 
normal serum 5-HT, not shown in the table 
platelet uptake was also not defective. 


Platelet A.T.P.—In four cases in which serum 
5-HT was between 310 and 440 ng./ml., platelet 
A.T.P. was no higher than in five normal adults, 


Discussion 


It is now well established that the 5-HT in serum 
is derived almost entirely from blood platelets and 
is liberated from them during clotting. However, 
since some 5-HT is lost in this process (Stacey, 
1956), a raised serum 5-HT level could result from 
diminished loss. That this was not so in the cases 
described here has been shown by the estimation of 
total blood 5-HT, by the method used by Hardisty 
and Stacey (1955), in 10 cases taken at random 
from among those with a high serum 5-HT level. 
In all it was considerably raised and the mean for 
the group was nearly three times that of the mean 
for normal subjects. This rise was partly due to 


an increased platelet count but mainly to the plate- } 


lets in the mentally defective patients containing on 
the average twice as much 5-HT as normal platelets. 
When the platelets were saturated by incubation 





























TABLE LV 
PLATELET, BLOOD, AND SERUM 5-HT IN MENTALLY DEFECTIVE PATIENTS WITH SERUM 5-HT >250ng./ml. AND IN 
NORMALS* 
a. | Sere ea = Blood $-HT Serum 5-HT 
100,000/mm? | Initially | After Incubation | (2) as % of (3) (ng./mil,) ing-fot.) 
(1) | (2) 3 (1) x (2) | (4) 
Mentally defective patients 4-00 zC 401 rT 
| 3-76 | 10 | 434 25: 413 311 
| 2-56 | 122 297 41 311 | 360 
| 6-24 | 109 241 45 | 677 420 
| 3-78 16 | 244 48 438 250 
| 4-21 ri 222 55 507 380 
4-51 93 200 47 | 271 441 
6-29 122 | 241 51 514 310 
3-74 137 251 55 514 330 
4-40 110 327 34 486 372 
Mean + S.E. (10) 4354038| 121 | 286 | 42 479 | 368 
Normal subjects 2-28 zx 229 | 25 132 i 
2-00 68 296 23 134 ~ 
2-90 71 | 373 | 19 205 — 
3-54 63 | 360 18 222 — 
4-42 52 | 328 | 16 229 . 
2-66 59 286 21 157 - 
2-95 = a 172 | 20 100 ~ 
Mean + S.E. (7) 2994040, 58 | 292 | 20 168 —— 





*Blood and serum estimations were not always done at the same time. 
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5-H YDROX YINDOLES IN MENTAL DEFICIENCY 


with excess 5-HT, their mean content did not differ 
from that of normal platelets. From this it appears 
that the increase in platelet 5-HT is unlikely to be 
due to an increased affinity of the platelets for the 
amine. Their normal A.T.P. content is further 
evidence of this (Born, Ingram, and Stacey, 1958). 
The origin of platelet 5-HT has not been definitely 


established. Platelets are unable to synthesize it 
and must therefore absorb it during their passage 


through organs which can. There is evidence that 
the concentration of 5-HT in the portal vein is 
higher than in the systemic circulation (Erspamer 
and Testini, 1959), and Adams (1960) has recently 
found an increase in serum 5-HT after the adminis- 
tration of drugs which increase intestinal motility. 


| This suggests that part of the 5-HT in platelets is 


derived from the intestine but other organs may also 


' contribute to platelet 5-HT and must be kept in 
mind. Brodie, 
- (1958) and Udenfriend and Weissbach (1958) have 
' reported that the rate of turnover of 5-HT in the 
_ brain is many times that in the intestine. 


Spector, Kuntzman, and Shore 


Apart from our mentally defective patients a high 
serum 5-HT level is found in the carcinoid syndrome 
(Thorson, 1958) when it is due to a considerable 
increase in production by tumour tissue. It has 
also been reported in a single case of an obscure 
neurological disorder not associated with mental 
defect (Southren, Warner, Christoff, and Weiner, 
1959) where there was no evidence of increased 
synthesis. 

The increased 5-HIAA/creatinine ratio found in 
many of our cases of mental deficiency does suggest 
an increased 5-HT synthesis but this is based on the 
analysis of random specimens and on the assumption 
that creatinine excretion is normal. More detailed 
studies are needed before an increased 5-HIAA 
output can be accepted. If an augmented synthesis 
is the explanation of the high serum 5-HT found, a 
higher correlation would have been expected 
between urinary and serum findings. The low 
correlation obtained may reflect inevitable errors in 
a method of assessing 5-HIAA excretion without 
the collection of 24-hour specimens, and this would 
be in keeping with the much higher between-group 
correlation. 

An increased 5-HT synthesis is not the only way 
in which platelet 5-HT might be raised and other 
possibilities merit consideration, although these are 
rendered less likely by the raised 5-HIAA excretion 
found. Depressed inactivating mechanisms can 
produce this result (Pletscher and Bernstein, 1958). 
Increased mean platelet life might lead to a similar 
change and the raised platelet count lends this 
possibility some support. A final possibility is that 
intracellular storage of 5-HT might be at fault and 
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that, as a result, more 5-HT is available for absorp- 
tion by platelets; but there is no evidence of this at 
present. 

There is no apparent connexion between any of 
these explanations of a raised serum 5-HT level 
and mental deficiency. Nor have our attempts to 
correlate it with aetiological factors or clinical 
features proved very fruitful. In cerebral palsy a 
high serum 5-HT is associated with gross mental 
deficiency and this might be of value in the diagnosis 
of mental defect in spastic infants, for all the 
mentally normal cases we investigated had a normal 
serum 5-HT. Mongolism, now known to be a 
different type of genetic abnormality (Lejeune, 
Gauthier, and Turpin, 1959), was the only well- 
defined cause of mental deficiency in which the 
serum 5-HT was consistently normal. The single 
case of mongolism with a serum 5-HT above normal 
being a case with a severe anoxic incident at birth. 

Anoxia is probably an important causative factor 
in the cerebral palsy symptom group (Bailey, 1958) 
although most of the direct evidence to this point is 
retrospective and therefore difficult to assess. How- 
ever, Ranck and Windle (1959) have been able to 
produce an experimental condition in the rhesus 
monkey, with many features in common with 
cerebral palsy in man, by subjecting the animals 
to anoxia at birth. 

In most cases of dementia we examined, the serum 
5-HT was higher where there had been an anoxic 
episode. However, in many cases of mental 
deficiency with a high serum 5-HT there was no 
history of anoxia or of factors predisposing to it. 

In this work it has not been possible to correlate 
biochemical abnormalities with histopathological 
changes nor have we investigated the metabolism 
of other biologically active amines. We hope to 
get some further information on both these points. 


Summary 


The serum 5-HT concentration and _ urine 
5-HIAA/creatinine ratio in 83 mentally defective 
patients have been compared with those of 68 
subjects in various control groups. In many of the 
defective cases both were raised. The results are 
analysed and discussed. 


We are indebted to Dr. P. Armitage for discussion and 
advice, to those physicians who made their patients 
available for this investigation and especially to Dr. 
B. H. Kirman, Dr. B. W. Richards, Dr. A. Walk, and 
Dr. F. W. Bowyer for their helpful cooperation; to 
Miss Lilith Emslie, Mrs. Doreen Willis, and Mr. C. R. J. 
Ruthven for technical assistance, and to Roche Products 
who defrayed the salary of Mrs. Willis. 
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THE AUGUST (1960) ISSUE 


The August (1960) issue contains the following papers :— 


Relationships Between British and Russian Medicine and Neurology, and the Role of the National Hospital, 
Queen Square, London, in the Development of Russian Neuropathology. N. I. Grashchenkov. 


Baillarger and Jackson: The Principle of Baillarger-Jackson in Aphasia. Th. Alajouanine. 

Tumour Cells in the Cerebrospinal Fluid. Vincent Marks and David Marrack. 

Improvement in Cutaneous Sensibility Associated with Relief of Pain. P. W. Nathan. 

A Case of Juvenile Gaucher’s Disease with Intraneuronal Lipid Storage. A. F. J. Maloney and J. N. Cumings. 


Effects of Flexion-extension Movements of the Head and Spine upon the Spinal Cord and Nerve Roots. 
J. D. Reid. 


Spinal Withdrawal Reflexes in the Human Lower Limbs. K. E. Hagbarth. 
The Occasional ‘‘Independence’’ of Dyslexia and Dysgraphia from Dysphasia. T. Casey and G. Ettlinger. 


Angiographic Finding of an Aneurysm and Arteriovenous Malformation in the Posterior Cranial Fossa in 
a Case of Subarachnoid Haemorrhage. R. Myles Gibson and A. N. da Rocha Melo. 


A Case of Dermal Sinus of the Nose with Frontal Suppuration. J. G. Hamilton. 


The Prognostic Significance of Depersonalization in Depressive Illnesses Treated with Electroconvulsive 
Therapy. Brian Ackner and Q. A. F. R. Grant. Statistical Appendix by A. E. Maxwell. 


A Case of Cysticercosis, Temporal Lobe Epilepsy, and Transvestism. Brian M. Davies and F. S. Morgenstern. 
Parageusia Following Bell’s Palsy: A Result of Faulty Re-innervation. Geoffrey Rushworth. 

Alterations of Size Constancy Associated with Brain Lesions in Man. Maria Wyke. 

The Babinski Sign. Marek Szapiro. 

Book Reviews. 


A number of copies are still available and may be obtained from the Publishing Manager, British 
Medical Association, Tavistock Square, W.C.1, price 17s. 6d. 
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| J. Neurol. Neurosurg. Psychiat., 1960, 23, 347. 


SOCIETY OF BRITISH NEUROLOGICAL SURGEONS: 
61st MEETING | 


The 61st meeting of the Society of British Neurological Surgeons was held on June 29 and 30, 1960, as 
a joint meeting with the Société de Neuro-chirurgie de Langue Francaise. The Presidents, G. Clark-Maxwell 


(Derby) and E. Laine (Lille), occupied the chair in rotation. 
Department of Surgical Neurology, Western General 


The meeting was held at the new 
Hospital, Edinburgh, which was formally 


opened by the Secretary of State for Scotland, the Right Hon. J. S. Maclay, c.M.c., on July 1, 


1960. 


SYMPOSIUM ON DIENCEPHALIC SURGERY 


Observations on the Aetiology and the Clinical Patterns 
of Parkinsonism 


Sir RusseLL BRAIN (London) said that the term 
Parkinsonism was introduced when it was found that 
encephalitis lethargica could produce symptoms similar 
to those of paralysis agitans or Parkinson’s disease. The 
characteristic Parkinsonian symptoms were tremor, 
rigidity, and akinesia. Parkinsonism was thus a syndrome 
which might be due to paralysis agitans, encephalitis 
lethargica, cerebral arteriosclerosis, poisoning with 
manganese, carbon monoxide, reserpine, or chlor- 
promazine, or more rarely to other causes, including 
cerebral tumour. The three classical symptoms varied 
independently of one another so that the patient’s 
disability was a result produced by their summation and 
it was necessary to estimate the part played by each. In 
addition other symptoms might be present, for example, 
other extrapyramidal symptoms, signs of a pyramidal 
lesion, and dementia. 

The Parkinsonian gait depended upon the severity and 
distribution of the rigidity and akinesia. The marche a 
petits pas due to severe akinesia was akin to an 
apraxia. 

Various points were helpful in diagnosing the cause of 
Parkinsonism and these were discussed in relation to 
encephalitis lethargica and cerebral arteriosclerosis. 
These between them accounted for about 30% of cases 
and the remaining 70% comprised cases of paralysis 
agitans and probably some due to the other two main 
causes which could not clinically be distinguished from 
paralysis agitans. There seemed to be general agreement 
that in encephalitic Parkinsonism the main site of the 
damage was the substantia nigra, but not all were agreed 
that this was true also of paralysis agitans, which some 
believed to be due to a lesion involving other parts of the 
striatum. Any physiological interpretation of Parkinson- 
ism must take into account the activity of the whole 
Organism mediated by the whole brain. It was necessary 
to assess the relative importance of the various symptoms, 
the pathology, and the probable course of the disorder 
in relation to the prospects of benefit from surgical 
treatment. 


Surgical Management of the Dyskinesias 


A report on the material from the Department of 
Surgical Neurology, Edinburgh was given. F. JOHN 
GILLINGHAM (Edinburgh) reported on 146 operations 
performed on 117 patients for dyskinesias from March, 
1956. Each patient had been assessed by neurosurgeon, 
neurologist, and medical psychologist. Of 111 Parkinson 
patients, the first 60 had been unselected except for an 
upper age limit of 65 years. In the later group some 
selection had been made, based on experience in the early 
cases. Apart from two early cases the simplified stereo- 
tactic technique originated by Guiot had been used. 
This method had been elaborated in order to shorten 
operative time and increase accuracy. Thermal lesions 
using monopolar electrocoagulation were used through- 
out. During the past two years the permanent im- 
plantation of screws in the skull had allowed further 
lesions on the same or contralateral side to be made with 
a minimum of difficulty. 

In early cases lesions were made in the globus pallidus 
17 mm. from the midline. Tremor was found to be best 
treated by lesions in the globus pallidus and ansa 
lenticularis, globus pallidus, and adjacent internal 
capsule or in all three sites. Where rigidity predominated 
a lesion in the globus pallidus between its medial and 
lateral parts gave good results. Later, failure to abolish 
tremor or recurrence of rest tremor led them to adopt 
lesions in the ventrolateral nucleus of the thalamus. 
Seven of 25 patients had additional lesions made in this 
area with abolition of tremor. Following this experience 
thalamic lesions alone were made in the next 14 patients, 
these being made in the ventrolateral thalamus adjacent 
to the internal capsule 16 mm. from the midline. Tremor 
was more successfully treated in these cases but rigidity 
did not resolve as completely as with pallidal lesions. 
Since that time, therefore, lesions had been made in both 
sites with further improvement in results and without 
increasing morbidity. By suitable adjustments of the 
line of approach both lesions could be made at the 
same electrode insertion. In one patient in whom tremor 
had been difficult to abolish, a lesion was finally made 
which was narrow and elongated, beginning in the 
thalamus, traversing the capsule and ending in the 
globus pallidus 16 mm. from the midline and parallel to 
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it. The results of this were excellent and there were no 
neurological deficits. Two further lesions of this type 
had been made, one case being complicated by minor 
paraesthesiae affecting the angle of the mouth and the 
tips of the thumb and index finger. He concluded that 
tremor and rigidity were best controlled by the strategic 
interruption of the thalamo-pallidal connexions, essen- 
tially the ansa lenticularis and fasciculus lenticularis. 
Their experience of treating other dyskinesias was limited 
and he noted that there had been a greater tendency for 
recurrence than in Parkinson cases. 


A. A. DONALDSON (Edinburgh) then described the 
operative and radiological techniques. He said that the 
procedure was carried out under local anaesthesia in two 
stages. The interval was usually 48 hours, sometimes 
longer in disabled patients. At the first stage small lead 
markers were inserted into the outer table of the skull and 
astride the midline 1 mm. apart and in three positions: 
at the upper margin of the frontal sinus, the coronal 
suture, and 5 cm. above the external occipital pro- 
tuberance. A frontal burrhole 2-3 cm. from the midline 
along the coronal suture was also made. Then a lumbar 
pneumoencephalogram was carried out and radiographs 
taken. The lateral views were taken brow up and down 
to demonstrate the anterior and posterior commissures. 
The antero-posterior film was important and usually 
three were taken, the first judged to be in the true A.P. 
plane and the others a few degrees to either side. The 
best of these films was then chosen. The lead markers 
in the midline of the head were identified, removed, and 
replaced by stainless steel screws to take the frame. 

At the second stage the frame was applied and with 
the patient in the prone position about 6 ml. “‘myodil” 
inserted into the frontal horn of the ventricle. The 
cursor of the apparatus was put on, its position having 
been determined from previous films. The electrode 
track was plotted to pass through two targets, both 
16 mm. from the midline; this distance might be in- 
creased if the third ventricle was enlarged. The globus 
pallidus target was taken as 3 mm. posterior to the 
posterior margin of the anterior commissure and | mm. 
below the intercommissural line. The thalamic target 
was at the midcommissural point and 3-5 mm. above the 
intercommissural line. A line drawn between these two 
points and intersecting the skull posteriorly indicated the 
point of entry and line of the electrode and a burrhole 
was made in the skull at this point. The side bars of the 
machine were then attached and the sights aligned on the 
pallidal target point using an image intensifier. Pro- 
vided the sights were kept in the centre of the screen, 
x-ray distortion could be neglected. Check radiograph 
films were taken. The length of the electrode was checked 
against the length of the sights and inserted along its 
line until contact with the pulvinar of the thalamus was 
felt. The distance from pulvinar to target was measured. 
The electrode was then inserted to the thalamic target 
point. Confirmation of correct position was obtained 
by low voltage D.C. stimulation. At 5 to 8 volts the 
patient usually experienced a tingling sensation at the 
contralateral angle of the mouth and tips of thumb and 
index finger. At higher voltages, or if the electrode was 
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more anteriorly placed, there might be movements of the 
fingers, wrist, and arm or if further anteriorly, of the face. 
Electrocoagulation was then carried out in a series of 
increasing doses of 5 seconds to a predetermined level, 
The lesion was usually 7x 5x5 mm. Tremor was usually 
reduced or stopped during insertion of the electrode and 
stimulation; after coagulation tremor was_ usually 
abolished and rigidity lessened. The electrode was then 
passed through the capsule to the pallidal target point, 
stimulation and coagulation carried out as before. The 
electrode was then withdrawn and replaced by an in- 
strument designed to place a small stainless steel ball, 
1-5 mm. diameter, in the target area, and post-operative 
check radiographs were taken. He considered this a 
satisfactory indication of the site of the lesion though 
some movement of the ball might take place at a later 
date. 


W. S. Watson and J. N. NAuGHTON (Edinburgh) 
reported their results of surgical treatment in this series. 
The 111 Parkinson cases were graded into three groups, 
one with tremor and rigidity confined to one side (32 
cases), two with bilateral tremor and rigidity and only 
minor widespread effects (50 cases), three with bilateral 
limb tremor and rigidity and marked widespread effects 
(29 cases). In the series, 95 of 111 patients had tremor 
and rigidity abolished or significantly reduced without 
complications; 17 had bilateral operations. Three 
patients did not maintain initial good results and 13 
patients showed various complications despite successful 
treatment of limbs. These included transient motor 
paresis (one), festinant gait (one), paraesthesiae in the 
treated limbs sufficient to impair use seriously (three), 
word finding difficulty, recovering within three months 
(three), exacerbation of pre-existing psychiatric syn- 
dromes (three), persisting mental deterioration following 
operation, all in Group 3 (two), and one patient died 
four months after operation from a_ staphylococcal 
pneumonia. It was considered that surgery had been 
worthwhile in 100 of the 111 patients. This experience 
had suggested certain criteria in the selection of patients. 
Patients with unilateral limb tremor and/or rigidity could 
be restored to work and operation should be offered when 
working capacity was threatened after a reasonable trial 
of drug therapy. Bilateral cases merit bilateral thalamo- 
pallidal operations done at some months’ interval. 
Widespread effects did not contraindicate bilateral 
operations except where mental impairment was 
prominent; in such cases although the effects on limbs 
might be good, added mental inertia might prevent them 
using their newfound freedom. In some bilateral cases 
organic mental features might appear for the first time 
after operation but serial psychometric tests had shown 
that this receded satisfactorily in the weeks or months 
after operation. 

Three cases of unilateral choreoathetosis based on birth 
injury had had encouraging results with pallido-thalamic 
lesions. One patient with severe torsion dystonia had not 
benefited from a left pallidal lesion and one patient with 
dystonia musculorum deformans had only benefited for 
a short time from bilateral pallidal lesions. One case of 
spasmodic torticollis had bilateral thalamo-pallida! 
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lesions but was only controlled for one month after the 
first operation on the contralateral thalamus. 


A. F. J. MALONEY (Edinburgh) demonstrated the post- 
mortem findings in four patients from the series who had 
died. The brains had been sectioned in 4 mm. slices 
at right angles to the sagittal plane and parallel to the mid- 
commissural plane. The expected lesions deduced from 
operative and radiological data had been plotted on 
cellophane transfers designed to go over sections in the 
Schaltenbrandt and Bailey atlas and the post-mortem 
lesions were plotted in a similar way for comparison. 
He showed that the lesions found were discrete and well- 
circumscribed, were accurately localized so that there 
was close correspondence between the surgical and post- 
mortem charts. The steel ball placed in the centre of the 
lesion at the time of operation was seldom in the centre 
of the lesion at the time of death but the close cor- 
respondence between the charts suggested that the balls 
had moved from their original position some time after 
operation under the action of gravity. 


Stereotaxic Surgery in Dyskinesia 


G. Guiot, S. Brion, and E. Hertzoc (Suresnes) dis- 
cussed some of the problems attached to this method. 
There were three principles underlying the method, each 
of which posed separate problems, defining an area of 
brain to be attacked, guiding a cannula to this point, and 
destroying the area. 

They felt that the Guiot apparatus, modified by 
Gillingham, was simple, manageable, and accurate. 
Two aspects of it should be stressed. First, it was made 
to be used with both radiography and radioscopy so that 
the x rays could be focused at any given point, per- 
pendicular to the median sagittal plane, and errors due 
to x-ray distortion and corrective calculations avoided. 
Secondly, the cannula was inserted parallel to the sagittal 
plane and angular calculations, necessary when the tract 
was Oblique and variable, could be avoided. 

In considering the anatomical problem it was necessary 
to know which structures the cannula would pass through 
and which lay in the vicinity of the area aimed at; what 
anatomical variations of the area existed and where was 
the zone common to all cases. In order to solve this 
problem it had been considered advisable to study the 
anatomy in relation to the technique used. To this end 
they were preparing an atlas of sections in the para- 
Sagittal plane and along a line at right angles to a line 
joining the posterior edge of the anterior commissure and 
the angulation lying in front of the mamillary body. 
With their technique the cannula would pass along these 
two planes and its pathway could easily be studied in 
these sections. 

It was also necessary to know the shape and volume 
of the lesion. After considering various methods of 
lesion they had come to the conclusion that a mechanical 
leucotome, similar to that used by Bertrand and 
Wertheimer, was the best. They then considered the 
possibility of checking the location of an electrode by 
stimulation, drawing on experience from 200 such 
stimulations. They considered that bipolar stimulation 
with 1 m.sec. shocks every second was best suited to 
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demonstrate the capsular fibres. Results had suggested 
that the motor fibres were situated in the posterior and 
external part of the posterior limb of the capsule, leg, 
arm, and face being represented antero-posteriorly in 
that order with some overlap. They stressed, however, 
that this operative procedure, especially with a cannula 
2:4 mm. in diameter, allowed only of an approximation. 
They suggested that stimulation at 60 c. per sec. in the 
thalamic or pallidal nuclei could produce varied responses 
whose origin might be at some distance from the area of 
the electrode, and specificity of these results was doubtful. 
They no longer believed that tremor resumed or ex: 
aggerated by stimulation in the ventrolateral thalamus 
was specifically due to this nucleus. 

It was stressed that physiological interpretations from 
operative results should be made with caution. One 
could never be certain that the area aimed at had been 
destroyed exclusively; many pallidal lesions were 
probably pallido-capsular or even pallido-capsular- 
thalamic. In thalamic lesions the volume of the lesion 
largely overlapped the common zone of a thalamic 
nucleus and probably spread into adjoining nuclei or into 
the capsule. Before interpreting the therapeutic mechan- 
ism of a lesion it should be possible to plot it accurately 
on an anatomical map. 


Bilateral Operations on the Thalamus and Pallidum for 
Parkinsonism 


H. KRAYENBUHL and M. G. YAsarGiL (Zurich) re- 
ported on a series of bilateral operations for Parkinson- 
ism performed on 51 patients in a series of 263 cases. 
The stereotaxic apparatus of Riechert was used together 
with special unipolar electrodes and the high frequency 
apparatus of Wyss. Lesions of 200 to 250 c.mm. were 
made after stimulation and radiological check that the 
electrode was in the target area. 

Bilateral lesions were made in the posterior oral ventral 
nucleus in 23 cases. In 15 tremor and rigidity were 
abolished; in the remaining cases there was slight bi- 
lateral emotional tremor and in one case a slight athetosis 
of the right hand. The most striking complication after 
the second operation was impairment of speech. In seven 
cases speech was slurred, low, or fully aphonic, but in 
seven cases also speech had been improved, in two cases 
very considerably. In the other cases speech was un- 
changed. Psychomotor disturbances and altered con- 
sciousness were present in eight cases, in six slight and 
transitory but in two these were severe and long-lasting. 
Overall the results were good in 20 cases, in two the results 
were poor because of psychical changes. One of these 
patients died two months after the second operation. 
In one case death occurred 10 days after operation from a 
thrombotic lesion in the thalamus. 

In 28 cases lesions were made in the thalamus on one 
side and the pallidum on the other. In 14 tremor and 
rigidity were abolished but in the remainder there was 
still some emotional tremor on one side and some 
rigidity on one or both sides. In 17 cases speech was 
worse after the second operation but there was no 
correlation with the side of the operation nor with right 
or left handedness. These speech disturbances were not 
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accompanied by pyramidal tract signs. There were also 
several cases in which speech was slightly or considerably 
improved by the bilateral operation. Psychomotor dis- 
turbances occurred in 17 cases; in three they were 
transient, in three slight or moderate but in six they were 
serious, and in two cases death occurred five weeks and 
8 months after the second operation. The general results 
were excellent or good in 17 cases, moderate in five, and 
bad in six. Of these six, two died and the remaining four 
were akinetic and had a profound psycho-organic 
syndrome and impairment of own care. 

It was clear that severe psychic disturbances were more 
frequent after thalamic and pallidal operations than 
bilateral thalamic. They also stated that psychic dis- 
turbance after a first operation or intermittent delta 
rhythms in the E.E.G. after a first operation indicated a 
bad prognosis for a second. Thalamic lesions had a 
more certain and complete effect on resting tremor and 
rigidity than did pallidal lesions, which usually had to be 
made much larger to gain a good effect. Preference was 
therefore given to lesions in the ventral oral nucleus of 
the thalamus which interrupted all pallido-thalamic and 
cerebello-thalamic fibres for unilateral and _ bilateral 
operations. These good results depended on the selec- 
tion of patients without cerebral deterioration, normal 
E.E.G. findings six months after the first operation, and 
small and accurately placed lesions. 


Pallidotomy and Thalamotomy in Parkinson’s Disease 


C. Gros, A. ROLLGEN, and B. VLAHOVITCH (Mont- 
pellier) demonstrated a new stereotactic apparatus and 
described their personal technique. In 17 cases lesions 
had been made in the medial pallidal region. Average 
duration of disease was seven years and 10 patients were 
more than 60 years old. Six cases were unilateral and 
11 bilateral. Generally, improvement in rigidity was 
better than in tremor. In three cases the results were 
excellent, and good in seven. Painful cramps had dis- 
appeared with relief of rigidity. Effect on tremor was 
found only in lesions more than 8 to 10 mm. posterior 
to the anterior commissure and 15 to 17 mm. from the 
midline. In these cases a discrete effect and facial weak- 
ness were common. In 26 cases lesions were made in the 
inferior part of the ventrolateral thalamic nucleus. In 
six cases contralateral pallidal lesions had been made 
and in one a homolateral pallidal lesion. Average 
duration of disease was seven years, eight patients were 
over 60, and six were unilateral. On the whole effect on 
tremor was better than on rigidity. There were 17 
excellent results, four good, and three failures. The best 
results were obtained from lesions placed 14 to 17 mm. 
from the midline and posterior to and above the middle of 
Cooper’s line, or some millimetres in front and above the 
posterior third of the anterior-posterior commissure line. 
In five cases they had been able to obtain a selective effect 
on tremor during the operation, on the arm by a lesion 
in the antero-inferior quadrant and on the leg in supero- 
posterior. Stimulation in the internal capsule showed 
that antero-posteriorly facial and upper limb fibres over- 
lapped; they were unable to obtain selective responses 
in the leg at this level. 
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Bilateral operations in the pallidum and thalamus hag 
been done in six cases at intervals of six months to one 
year. Three were excellent results, one improved, one 
unchanged, and one made worse, probably by a hae. 
matoma in the capsule. They concluded that pallida| 
lesions had a good effect on rigidity, thalamic on tremor 
and also improved rigidity. The effect on akinesia was 
slight and most marked in pallidal lesions. Vegetative 
functions were not affected. 


The Effect of Thalamic Lesions in Parkinsonism 


C. H. LENSHOEK and J. VAN MANEM (The Hague) dis- 
cussed their results in treating 58 patients by lesions in 
the ventrolateral thalamic nucleus. In seven cases the 
lesion was made in the anterior oral ventral nucleus, 
10 mm. behind the foramen of Monro along a line joining 
this with the posterior commissure and 11 mm. lateral 
to the ventricular wall. Rigidity was improved but the 
effect on tremor was not good. Thereafter the lesions 
were made more posteriorly, 13 to 17 mm. from the 
foramen of Monro. In these 51 cases there were 21 very 
good results, 20 good results, eight no change, and two 
were worse. The follow-up period averaged six months. 
The effect on tremor was immediately excellent but in 
many cases slight tremor reappeared in one to two weeks 
but in only two to its former degree. Rigidity was 
greatly improved but hypokinesis not affected. The 
effect on the hand was better than on the leg and im- 
provement in gait not so obvious as in tremor and 
rigidity. In patients with normal speech no change was 
noted, but in those with speech defect this was nearly 
always made worse; in only one case was disturbed 
speech improved. Hemiplegia was not seen but transient 
mental confusion was seen four times in 16 cases. 
Psychological testing showed a post-operative decrease 
of 1.Q. In general, the total effect on invalidity was 
disappointing in. spite of good effect on tremor and 
rigidity. Disorders of speech, hypokinesis, and diffuse 
cerebral atrophy were considered to be contraindications 
to thalamic lesions. They concluded that thalamic lesions 
gave better results than pallidal lesions and with fewer 
complications and that the most effective were in the 
posterior oral ventral nucleus. Bilateral thalamic lesions 
were no more dangerous than thalamic and _pallidal 
lesions. 


The Use of the Guiot-Gillingham Instrument in Stereotactic 
Surgery 

C. B. Sepzimir (Liverpool) said that he had carried out 
63 operations on 50 patients using the Guiot-Gillingham 
apparatus and following their technique in most respects. 
The use of general anaesthesia in the first stage had been 
usual. Large lesions were not necessary and it had been 
noted that insertion of the electrode into the correct area 
often resulted in cessation of tremor whereas if the elec- 
trode was even a millimetre outside the target no change 
resulted. It was suggested that in patients with advanced 
bilateral Parkinsonism, speech and mental disturbance, a 
pallidal lesion should be made on one side and a thalamic 
on the other. Bilateral thalamic lesions were the next 
safest procedure, but bilateral pallidal lesions often 
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' patients, 
ciiainghedi's chorea, and much of the paper was devoted 
- to a detailed description of these three patients. 
' was sometimes dissociation between mental and choreic 
| symptoms in these patients, and those with slight mental 

changes justified surgical treatment. Air studies showed 
_ ventricular dilatation and cortical atrophy in all. During 
' stimulation and coagulation none experienced the 
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resulted in speech deterioration. Of eight bilateral 


| operations deterioration in speech had been noted in 


three, and their behaviour suggested an apraxia of the 
tongue. Operations had been performed on 45 Parkinson 
two with hemiballismus and three with 


There 


paraesthesiae seen in all the other patients. One patient 
had chorea abolished in the limbs and was left with only 
slight chorea in the head and trunk. She died eight weeks 
after operation on the second side; she had been semi- 
conscious for three weeks and almost speechless and 
died of pneumonia. A second patient had a bilateral 
operation and was freed from choreic movements except 
for the right thumb. She was quite satisfactory in every 
respect. The third had had only one side done with a 
satisfactory result. It was suggested that in patients with 
Huntingdon’s chorea with well-preserved mental state 
operation was beneficial and justifiable. 


A New Versatile Stereotactic Instrument 


Bropig HuGHEs (Birmingham) described a new stereo- 
tactic instrument which had been designed for simplicity 
of operation and versatility. Based on the Sweet 
instrument all attachments were screwed to an oval 
frame which was screwed to the skull so that accurate 
replacement could be achieved at subsequent operations. 
X-ray grids attached to the frame served as locating 
markers and the whole frame was firmly attached to an 
x-ray table so that the position of the centre ray could 
be known. Air and “‘myodil” were used as contrast media. 

The choice of an arc system for carrying the electrode 
had been determined by the obliquity in all planes of the 
ventral oral nucleus of the thalamus. It would seem that 
if the electrode could be inserted into the brain parallel to 
these planes minor deviations of position of the nucleus 
would be less important. The axis of the arc was con- 
trolled by compound slides at either side and a lateral 
screw movement so that the position of the electrode tip 
could be altered in all three planes with the greatest ease. 

He said that the machine had originally been designed 
with this easy accurate adjustment so that it could be 
used with focused ultrasound. Using this medium, areas 
of the brain could be put out of action temporarily and 
by “scanning” over an area the exact site necessary for 
the optimum result could be selected. Thereafter raising 
the energy dose of the ultrasound, brain tissue could be 
destroyed without damaging vessels or glial tissue. Work 
on the ultrasonic equipment had been slow and difficult 
but he hoped that it would soon be in clinical use. 


THE TERMINAL DISTRIBUTION OF THE 
PATHWAYS SUBSERVING PAIN 


D. Bowser (Liverpool) said that a preliminary fibre 
count on a single case of antero-lateral chordotomy 
indicated that of the fibres of 2 to 7 at the first cervical 
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level, only 12% of those from 2 to 4. and 36% of those 
from 4 to 7 were present at intercollicular level. The 
subdiencephalic fibres from the anterolateral quadrant 
of the cord terminated in an orderly fashion in certain 
cell groups of (a) the sensory cranial nerve nuclei, 
(6b) the nuclei of cerebellar projection, (c) the mesen- 
cephalic’ tectum, and (d) the reticular formation. 

In the. diencephalon, fibres from the anterolateral 
quadrant of the cord terminated bilaterally in (a) the 
ventro-postero-lateral nucleus (somatotopically), (b) the 
thalamic reticular nucleus, (c) certain nuclei of 
the intralaminar group, and (d) the medial magnocellu- 
lar portion of the medial geniculate body. 

The medial lemniscus also terminated somatotopically 
in (a) and possibly sent fibres also to (d), but strictly 
unilaterally; it had no connexions with (6) and (c). The 
distribution and synaptology of the two systems in (a) 
was identical. This evidence, together with the observa- 
tions of Ervin and Mark (1959), who found that stimula- 
tion of this nucleus in man never produced pain but 
always evoked sharply localized tactile or kinaesthetic 
sensations, suggested that the ventro-posterior thalamic 
nuclear group was concerned only with accurate localiza- 
tion of superficial and deep stimuli, and not with their 
quality. The specific relay centres for painful sensations 
must therefore be sought in thalamic nuclei other than 
the ventro-posterior group, and in some of the sub- 
diencephalic centres mentioned above. The possible 
functional significance of some of these centres was 
discussed. 


THALAMIC LESIONS FOR THE TREATMENT 
OF FACIAL NEURALGIAS 


S. Osprapor and G. Bravo (Madrid) reported the 
results of treating three patients with facial pain by 
thalamic lesions. Two had atypical pain, one following 
partial root section for “tic doloureux”’ and the other 
secondary to cerebelio-pontine angle arachnoiditis. The 
third patient had a typical trigeminal neuralgia. 

In each case an attempt was made to destroy the 
contralateral nucleus ventralis posteromedialis at the en- 
trance of the trigeminal leminiscus. In two cases the 
lesion was made by the balloon technique injecting 
alcohol in “pantopaque” and in the third with a wire 
loop. The lesions were placed 5 mm. anterior to the 
posterior commissure, 1 to 2 mm. above the inter- 
commissural line and 13 mm. from the midline, and their 
average size was 8 x 5mm. Stimulation before making 
a lesion sometimes produced facial dysaesthesias. All 
were on the dominant side and some speech disturbance 
appeared immediately and lasted from several days to 
several weeks. No sensory changes were found after 
operation but one patient complained of a subjective 
change in the use and feeling of the right hand which 
had lasted three months. Slight euphoria and indifference 
were noted. The patient with typical neuralgia was not 
improved by operation. The atypical neuralgias were 
improved after the operation but the pain reappeared 
after some months though with less intensity. 

It appeared that unilateral thalamic lesions did not 
produce lasting relief of pain and perhaps bilateral lesions 
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should be tried. They suggested that these results 
supported the theory that trigeminal neuralgia had a 
peripheral origin, the atypical pains were dependent on 
so-called central factors. 


STEREOTACTIC COAGULATION OF THE 
SPINOTHALAMIC TRACT FOR INTRACTABLE 
TRIGEMINAL PAIN 


G. MAzars, R. Roce, and A. PANsINI (Paris) reported 
the results of a lesion in the spinothalamic pathway in the 
midbrain in 86 cases. Twenty-seven of these had been 
for facial pain and included nine cases of trigeminal 
neuralgia, six of pain following posterior root section or 
alcohol injection, three of post-herpetic neuralgia, two 
unclassified, and one of dural head pain. 

The lesions were made with high frequency current, 
the electrode being inserted along the parasagittal plane 
perpendicular to the intercommissural line. In the early 
cases the lesion was made just anterior to the posterior 
commissure and although relief was total initially there 
was some recurrence months later. In the next four cases 
the lesions were at the level of the posterior commissure 
but these were complicated by a Parinaud’s syndrome 
and finally a position 3 to 4 mm. behind the posterior 
commissure was chosen. There had been only one death, 
after a bilateral operation, in the 86 cases. In the facial 
cases loss of pain and temperature sensation without 
impairment of tactile and discriminative sensation was 
obtained in all but one case and the relief of pain was 
complete in all but two. In one case of carcinoma of 
the tongue pain recurred after two months and one 
patient with trigeminal neuralgia still complained of 
unpleasant sensations around the teeth. All the cases of 
atypical, continuous facial pain, post-herpetic or not, were 
completely relieved, though one had to be operated on 
twice. 

They concluded that the conservation of the corneal 
reflex, lack of any motor effects, and lack of other 
unpleasant effects of sensory root section made this a 
very valuable operation for true trigeminal neuralgia. 


STEREOTACTIC OPERATIONS FOR THE 
‘ RELIEF OF PAIN 


J. HANKINSON, G. W. PEARCE, and G. F. RowBOTHAM 
(Newcastle) said that in the course of thalamic operations, 
by means of the Leksell stereotactic instrument, for 
chronic pain and abnormal movements, techniques for 
sensory stimulation and recordings had been developed 
with two objects in view. 

First, to clarify the question of topographical localiza- 
tion of the neuronal relay systems in the human postero- 
ventral group of nuclei; and secondly, to use this 
information to make lesions as far as possible limited to 
the innervation of the affected parts of the body in the 
treatment of intractably painful conditions. 

In the case of a woman suffering from “the thalamic 
syndrome” a suitable site was found in the posteroventral 
nucleus, from which stimulation produced her symptoms 
and a lesion in the same spot almost completely eradicated 
them after the first lesion had been somewhat enlarged. 
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The case of a man suffering from widespread lighining 
pains of tabes dorsalis was described and the records of 
extensive stimulation in this case gave striking evidence 
of topographical localization in the posteroventral 
nucleus. 

The second technique employed had been the adapta- 
tion to man of the small electrode recording methods used 
in animals, as described in the work of Mountcastle, 
Rose, and Henneman (1952), of Hunt and O’ Leary (1952) 
and of Gaze and Gordon (1955). 

Examples of spontaneous spike discharges occurring 
in groups from the posteroventral nucleus were shown 
and also responses to tapping with the finger on the 
dorsum of the patient’s left hand and at the same time 
the absence of any such responses from other parts of the 
body. This response, which was localized to the dorsum 
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of the left hand and forearm, consisted of a spike followed |— 
by a positive wave of duration 100 to 300 m.sec. Similar | 


localized responses were obtained in the last three cases, 
Light general anaesthesia was used in the first five cases 
of these recordings and local anaesthesia in the sixth, 
when the response was not so well-marked although 
localization was obtained. Further experiments with 
anaesthesia as well as with electrodes and recording 
apparatus were necessary before a fixed technique could 
be devised, especially as regards methods of electrode 
advancement and the recording of time relationships. 


METHOD OF STEREOTACTIC SURGERY 
IN DYSKINESIAS 


I, WERTHEIMER and Lapras (Lyons) described their 
method of operation and showed a film of the operative 
technique and clinical results in three patients. 

Their contribution was a technical one and comprised 
a simplified method using mostly the anatomical data 
presented in the atlases of Talairach and Schaltenbrandt 
and Bailey. A parasagittal route was used. The in- 
strument consisted of a plate fixed to the skull carrying a 
tripod on which was fixed a goniometer (similar to 
Boffe’s) adapted for stereotactic work. Reference point 
was ascertained from a ventriculogram relating x-ray 
points to anatomical data. A metal shaft on the gonio- 


meter carried a leucotome similar to that designed by | 
Moniz and Lima, the brain lesion being a mechanical | 


one. This operative procedure had been used in 80 cases. 


A STEREOTACTIC APPARATUS WITH 
OPTIC AIMING 


E. WorINGER, P. CHAMBON, and J. BRAIN (Colmar) 
described their simple stereotactic apparatus. This con- 
sisted of a plate which was screwed to the skull and 
mounted on this was an electrode guide on a ball-and- 
socket joint. The guide was adjustable over 30° from 
the vertical by means of two micrometer screws mounted 
on pedestals at 90° to each other. The needle-electrode 
was of convenient length, graduated and insulated except 
for its tip. Two plexiglass sheets mounted at right angles 
and engraved with reference lines in the centre were 
placed on the Lysholm table in front of the x-ray casettes 


so that the central x ray passed through the centre 
reference line. 





— 
n ie se 





ctl ialcctenttas Ata 








ee ete I SS 








zh inin 


idapta 


Js used F 


castle 
(195? 


urring 
shown | 
Nn the | 
> time 4 
of the J 


orsum 
lowed 
imilar 
ases, 

‘Cases 


sixth, | 


LOugh 

with 
rding 
could 
trode 


ps. 


their 
ative 


rised 
data 
andt 
> in- 
nga 
r to 
oint 
~ray 
nio- 
| by 
ical 
ses, 


lar) 


on- 
ind 
nd- 
om 
ted 
de 
ept 
les 
ere 


tes F&F 
4 


tre 


g 

Ords of F 
Vidence Fi 
ventral { 


, 


) 


PRA ov weeny 


OME, sm 


‘aint 





i ai er Wn ER he So a Sel la 





TTY ly 2G? 








SOCIETY OF BRITISH NEUROLOGICAL SURGEONS 


The patient was placed with his head on the skull table 
in such a way that the point aimed at was enclosed by 
the reference lines; ventricular contrast medium was 
used. On the radiographs the line connecting the centre 
of the ball joint with the target area could be plotted. 
Tracings of the radiographs were then taken and the 
apparatus projected on to these by a light source, and the 
axis of the electrode guide could be brought into 
the correct plane. They had found this apparatus to be 
accurate and simple and of low cost and had used it on 
a number of occasions. 


SYMPOSIUM ON MYELOPATHY IN CERVICAL 
SPONDYLOSIS 


The Clinical Manifestations of Myelopathy in Cervical 
Spondylosis 

J. STANTON (Edinburgh) presented a brief review of the 
clinical features of myelopathy associated with cervical 
spondylosis. This was based on a clinical analysis of 
254 cases of cervical spondylosis with neurological in- 
volvement which had been seen in the Department of 
Surgical Neurology of the Royal Infirmary and in the 
Medical Neurological Unit of the Northern General 
Hospital, Edinburgh. The incidence of cervical cord 
involvement in spondylosis was discussed and its pre- 
ponderance in male patients was stressed. Variations in 
the length of history and the occurrence of trauma as a 
precipitating factor were discussed. The relative fre- 
quency of the common symptoms and signs was 
described. The commonest symptom of cervical myelo- 
pathy was weakness which might affect one or both 
upper limbs, or one or both lower limbs. Sensory 
symptoms were also common and might be of root 
distribution in the upper limbs, but dysaesthesiae might 
also be experienced in the lower limbs. The occurrence 
of an electric shock feeling radiating into the upper 
limbs and down the trunk to the legs when the head and 
neck were moved was also encountered in a small number 
of cases. The commonest signs were muscular weakness 
and wasting of variable distribution. Often a com- 
bination of weakness of lower motor neurone type with 
signs of pyramidal damage was seen in the upper limbs. 
In the lower limbs there were usually signs of bilateral 
pyramidal damage. Involvement of ascending sensory 
tracts and of the spino-cerebellar pathways might be 
revealed by defective sense of position and cerebellar 
ataxia. Disturbance of micturition was uncommon. 
Alterations of manometrics on lumbar puncture and of 
composition of the cerebrospinal fluid were discussed 
and difficulties in differential diagnosis were indicated. 


Radiological Diagnosis 

A. A. DOoNALDSON (Edinburgh) discussed the sig- 
nificance of radiological changes. Investigation of 
symptom-free patients had shown that narrowing of disc 
spaces and osteophytosis was part of the normal ageing 
process and in patients over 70 was almost universal. 
It was difficult, therefore, to assess on plain films if these 
changes were responsible for root and cord involvement. 
The cord was compressed between the anterior bony and 
fibrocartilaginous bar and posterior wrinkled inter- 
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laminar ligaments. This left lateral gutters through 
which normal cerebrospinal fluid circulation could take 
place and this was reflected in the often normal cerebro- 
spinal fluid findings and could be confirmed at myelo- 
graphy. This was the essential investigation and he used 
large quantities of ‘“‘myodil”’, 12 to 24 ml., and considered 
this essential to show adequately the relation of the cord 
and spine in the cervical area. The “myodil’’ could be 
removed at the end of the procedure. Myodil was intro- 
duced into the lumbar theca with the patient on his side, 
run up to cervical area, keeping the head extended to 
prevent influx into the cranial cavity and then the patient 
was turned on his face. Lateral views of the spine, 
especially with the head extended, were the most valuable. 

Post-operative myelography was of considerable value, 
particularly in those cases where clinical improvement 
had been less striking than had been hoped. It had been 
found that the released cord might ride backwards and 
become compressed against the intact laminae at either 
end of the operative defect so that he advocated a wide 
spinal laminectomy to avoid this complication. 


The Morbid Anatomy 


MARCIA WILKINSON (London) described the patho- 
logical findings in a series of 17 patients suffering from 
cervical spondylosis and in whom post-mortem examina- 
tions had been made. The changes were an expression 
of two factors, ageing and trauma, which might vary 
independently. The disc change might be a nuclear 
herniation or annular protrusion and the latter had been 
found in this series, and was the type most commonly 
found in the middle-aged and elderly. These protrusions 
were soft at first but later new bone was formed and 
bosses and bars became hard. The commonest levels 
were C. 5-6, 4-5, 3-4. When protrusions were multiple 
one was commonly larger than the others. 

Pressure on roots might be due to dorsolateral or 
intraforaminal protrusions and the extent of the com- 
pression was related to angulation of the nerve as well as 
the size and position of the foramen. The vertebral 
artery was in very close relationship to ganglion and disc 
and might be displaced by spondylotic changes. This 
could be demonstrated by angiography and often the 
block was intermittent, symptoms being brought on by 
movement of the neck. 

The pathogenesis of cervical myelopathy was complex, 
the most important factors being cord compression, 
trauma, and temporary or permanent interference with 
blood supply. Twelve of the cases studied had flattening 
or distortion of the cord corresponding to disc pro- 
trusions. Microscopically, cell damage was severe in 11 
with cavitation in three. In no case was there evidence of 
gross change in the anterior spinal artery. Adhesions 
between dura and surrounding tissues were marked and 
in some cases the dura was thickened. In these cases, 
therefore, the cord was firmly anchored in the cervical 
canal and this rendered it more susceptible to trauma. 


Surgical Management 


PHILLIP Harris (Edinburgh) discussed the development 
and the present position of the surgical management of 
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patients with myelopathy due to cervical spondylosis. 

He said that many facts regarding the pathology and 
pathogenesis of this condition were not yet known and 
that this might partly account for the many different 
surgical techniques that were in use at present. It 
appeared that few people now favoured excision of the 
bony osteophytes by posterior approach, because of the 
great danger of damage to the spinal cord. There are 
several reports of an anterior approach for excision of the 
osteophytes, and for interbody autogenous bone fusion. 
However, the follow-up studies on these patients were 
short and it was too early to assess the results of this type 
of treatment. 

Although there were no clear indications for surgical 
treatment he stated that conservative treatment should 
not be continued for more than a few weeks in a patient 
with definite spinal cord involvement and that careful 
x-ray studies, including myelography using as much as 
20 ml. of ‘“‘myodil’’, should be proceeded with and should 
be followed by very careful laminectomy to include the 
laminae above and below the level of posterior osteo- 
phytes. Decision regarding the extent of the laminectomy 
was made at the time of operation after the patient’s neck 
had been fully flexed and extended. He did not believe that 
the dentate ligaments played an important part in tether- 
ing the spinal cord and therefore did not divide these. 
Of 48 patients treated by surgery the dura was left widely 
open in 16 to aid decompression. 

After operation a felt or plastic cervical collar was worn 
for about three weeks and active physiotherapy was used. 

Of the 48 patients, 15 were greatly improved, in six the 
condition was unchanged and in eight there was steady 
clinical deterioration. 

The importance of careful follow-up examinations was 
stressed and 16 of these patients had been followed up 
for over five years. Age was not an important factor 
regarding post-operative recovery but the length of the 
history and the severity of the syndrome were important. 


The Possibilities of Surgical Treatment 


E. Laine, G. Bouts, P. GALIBERT, J. M. DELANDT- 
SHEER, and C. Lopez-Pinto (Lille) said that at first their 
surgical management had been to remove the disc hernia 
completely, then they had used a _ decompressive 
laminectomy, and now they carried out a complete 
laminectomy and divided dentate ligaments well above 
and below the levels of the spondylosis. With this 
method they had had excellent results in a series of 30 
cases followed up for a sufficient time. They held the 
same view as Kahn on the role of traction and pressure 
exerted by the disc protrusion on a cord fixed by dentate 
ligaments. Besides the minor trauma provoked by 
repeated movements of the neck, it was necessary to take 
into consideration also vasomotor reactions responsible 
for ischaemia and secondary degenerative changes. Thus, 
it was vital that treatment should be carried out before 
permanent damage had taken place. They agreed with 
other speakers that diagnosis was very difficult when one 
had to allow for the complexity of vascular disturbances 
in the cord and the role played by disturbances of 
vertebral arterial circulation. 
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Radiological -investigations were the only one: that | 


could yield a proper diagnosis. They favoured ga; 
myelography, using simultaneous films and a ‘omo. 
graphic technique, sweeping the spine at right angles to 
the axis of the cord and thereby eliminating the pedicle; 
overshadowing the contrast medium. 


Conservative Treatment 


D. G. PHILLIPS (Bristol) discussed the results in 4) 
cases followed up for periods of two to 10 years. Whilst 
nuclear prolapse required early surgical treatment, 
myelopathy associated with the bony exostoses of 
spondylosis was best treated by immobilization of the 
neck. It was impossible to assess the results of such 
treatment in under two years as the differentiation from 
other diseases was difficult in the early stages. Good 
recovery had been obtained by using a light Minerva 
plaster collar and this had been sustained over the years, 
This treatment had proved more effective than other 
conservative measures and was preferable to operation. 


(Paper to be published in full in the British Medical 
Journal.) 


Late Results of Surgical Treatment 


D. Bots, V. A. FASANO, and G. BroGGi (Turin) dis- 
cussed the clinical evolution and end-results of surgical 
decompression in 15 cases of myelopathy and cervical 
spondylosis and seven with thoracic spondylosis followed 
up at intervals of five to 10 years from operation. In the 
cervical cases the evolution was slower and the neuro- 
logical picture less severe. This might be due to the larger 
cervical canal and the peculiar angio-architecture of the 
region. At operation evidence of cord compression or 
displacement from the extradural mass was seldom seen 
and in most cases there was evidence of localized cord 
atrophy and ischaemia with severe venous congestion. 
This latter fact might account for the hypertrophic 
changes in bone and arachnoid. Though examination 
of lumbar cerebrospinal fluid might’ show normal 
manometry and biochemistry, they felt that in the area 
of disease there was an increase of cerebrospinal fluid 
and in fluid taken from this area evidence of stasis could 
be found. 

Radiologically the cases were divided into two groups. 
In group I spondylosis was slight, with multiple disc pro- 
trusions and slight osteophytosis. In this group radicular 
signs predominated and at operation signs clearly due to 
compression were usually seen. Findings in cerebrospinal 
fluid showed the features of a block in these cases. 
In Group II there was severe spondylosis without visible 
signs of disc protrusion. In this group cord damage was 
evident and at operation the cord was not displaced but 
showed areas of malacia; the arachnoid was thickened 
and showed calcified plaques. 

The myelographic findings did not differ in the two 
groups and usually showed a partial arrest. 

The prognostic factor as regards efficacy of surgical 
decompression seemed to be related to the severity of 
spondylosis rather than to the type and degree of spinal 
cord damage. 
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Treatment of Chronic Cord Compression 
B. GuipeTTI (Rome) reviewed the clinical, radiological, 


- and operative findings and the end-results in 68 con- 


lick ' secutive patients operated on for chronic cord com- 
-CICles Fe 


pression due to long-standing cervical spondylosis. 
Patients were followed up for periods of six months to 
nine years. 

The basic operative procedure was a posterior de- 
compression and section of the dentate ligaments. At 
least one lamina above the highest and below the lowest 
ridge was removed. In 28 patients extra- or intradural 
removal of soft herniated parts or of bony spurs was 
undertaken in addition. No patients died as a result of 
operation; two patients died later from intercurrent 
disease. 

Six patients became worse. One of these was suffering 
from amyotrophic lateral sclerosis and the others had 
multiple, long-standing lesions. 

Ten patients were unchanged but the operation 
appeared to have arrested the progress of the disease. 

In 18 patients there was marked improvement, in 
12 appreciable improvement, and in 18 slight. 

It was considered that the duration of the disease was 
the important factor as far as long-term results were 
concerned. In those worse or stationary the history 
averaged three to four years with a maximum of 15, those 
slightly improved two to three years, and in those with 
marked improvement less than seven months. It was 
considered that the age of the patient, distribution of the 
spondylosis, and operative technique were less important 
than the duration of the disease. 


The Role of the Vertebral Artery 


H. A. MasLowsk1i (Manchester) made a preliminary 
report on some angiographic studies of the vertebral 
arteries by retrograde filling from puncture of the right 
subclavian artery. During injection of contrast, antero- 
posterior and lateral x-ray projections were taken, six a 
second (1/100 second exposure), while the head was 
rapidly rotated by the operator (with the patient under 
general anaesthesia) to either side for three seconds. The 
early results supported the theoretical assumptions that 
due to stretching, the lumen of the atlanto-axial segment 
of the vertebral artery might be narrowed or temporarily 
occluded in full rotation of the head to the opposite side. 
In rotation towards the same side, the atlanto-axial 
segment of the artery was unaffected. The artery un- 
affected by head movement provided the blood in 
retrograde manner to the opposite posterior inferior 
cerebellar artery. 

These findings appeared to provide ideal “‘reason”’ for 
the unique formation in the human body of the large 
arteries joining to form another major artery, the 
basilar. 

The studies suggested also that the lumen of the 
vertebral artery could be constricted by the interarticular 
joints and joints of Luschka in middle-aged individuals 
when head and neck were rotated towards the side of the 
artery. The appearances of the artery might be normal 
with the spine in neutral or rotated to opposite side 
position. It was felt that these findings provided the 
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answer as to the precipitating factors in some cases of 
infarction, such as carotico-vertebral (Hutchinson and 
Yates) insufficiency, fractures, and fracture dislocations 
of cervical spine, etc. Further studies were necessary and 
were continuing. 


The Cloward Operation 


Ropert W. RAND and PAuL H. CRANDALL (Los 
Angeles) described their method of operation for cervical 
spondylosis using the Cloward technique and showed a 
film illustrating this. The operation had been performed 
on 21 patients and in root compression had been limited 
to one or two interspaces but usually two or three for 
myelopathy. The two were associated in only two 
patients of a group of 11. In nine cases of root in- 
volvement most had only one root affected but three had 
multiple roots. One patient with myelopathy was 
operated on to stabilize a C.3-4 and 4-5 flexion sub- 
luxation at the site of a previous compression fracture. 
Acute cervical disc ruptures had not been operated on. 
Of nine cases with myelopathy, eight had a fair to good 
degree of improvement, one was not improved. Of two 
cases with root and cord disease, one was improved, the 
other not. The best results had been obtained in those 
with myelopathy of recent onset. 

In six patients with one root involved, four had ex- 
cellent and two good results. Two patients with multiple 
root disease were not improved and improvement was 
only fair in the remaining one. Return of root pain in 
one case was probably due to absorption of a homo- 
genous dowel graft and they now preferred to use 
autogenous grafts. Only two complications occurred, 
wound infection in one case and a tracheostomy was 
needed for 48 hours in another. They considered that 
this type of operation was beneficial because it allowed 
total removal of the disc, resection of transverse hyper- 
tropic bars and interforaminal osteophytes, and because 
initial mechanical fixation followed by bony union 
appeared to prevent recurrence of osteophytosis. 


ON DISENGAGEMENT OF IMPACTION AT THE 
TENTORIUM 


J. F. SHAw (Edinburgh) recalled the early work in 
Edinburgh of Alexander Wood on the use of the syringe 
and hollow needle and stated that his syringe could still 
be seen in the College of Surgeons in that city. It seemed 
appropriate, therefore, to recall a use to which these 
simple instruments might be applied in disengaging 
herniation at the tentorium cerebelli. 

The history of elucidation of tentorial herniation was 
described, also the manner in which symptoms by brain- 
stem ischaemia were brought about. Earlier observa- 
tions of Jefferson, Vincent, Blackwood, and Dott were 
recalled. 

Correction of displacement by injection into the 
lumbar theca of Ringer’s solution and the details of the 
procedure were outlined and an illustrative film shown. 

With the suggestion that cases of clinical improvement 
brought about by injection of Ringer’s solution into the 
lumbar theca, after removal of surface haematoma, were 
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within the experience of all present, a single illustrative 
case was described in which the heart’s action, if not 
restarted, was improved by such a manoeuvre after 
removal of an extradural haematoma. 


ELECTRICAL CHANGES DURING 
EXPERIMENTAL BRAIN COMPRESSION 


W. BryYAN JENNETT (Manchester and Los Angeles) 
described the results of some experiments designed to 
explore the role of herniation of the temporal lobe and 
distortion of the midbrain associated with supratentorial 
mass lesions in producing alterations in consciousness 
and non-focal abnormalities in the E.E.G. _ Extra- 
dural balloons were placed supratentorially in cats and 
monkeys, and compression produced by inflation with, 
and without, anaesthesia. Electroencephalographic 
records were taken from the cortex, midbrain reticular 
substance, dorsal hippocampus, and amygdala. Hernias 
and distortions similar to those occurring in man and 
described by Johnston were produced consistently. 

Suppression of electrical activity was constantly 
observed and developed simultaneously in cortical and 
midbrain leads, but did so neither when the intracranial 
pressure was at its peak nor even when it was steeply 
rising. Monitoring of blood pressure, pulse, and res- 
piration showed that this was not a terminal phenomenon 
and normal rhythms were restored within a minute of 
release of pressure. To exclude the effects of direct 
cortical compression, pressure was applied to the mid- 
brain with the vault removed and dura widely open; 
similar effects were recorded and it would seem that they 
were due to events occurring in the distorted midbrain. 
Seizures were frequent, during compression or imme- 
diately after release. Some were precipitated by auditory 
stimuli which suggested a hippocampal origin and others 
appeared to be of temporal lobe origin. The herniated 
tissue in the cat was entorhinal cortex and in the monkey 
(and man) hippocampus and uncus, all parts of the 
rhinencephalic system. The seizure threshold in this 
system may have been lowered by herniation of parts 
of it. 

UREA IN THE MANAGEMENT OF HEAD 

INJURIES 


W. S. Lewin, J. Stusss, and S. Watkins (Oxford) 
reported a trial of urea in the treatment of 30 cases of 
severe head injury with raised intracranial pressure. 
It was found to be helpful in reducing brain bulk at 
operation in such instances as performing a decom- 
pressive operation or evacuation of an acute subdural 
haematoma and in the treatment of generalized cerebral 
oedema or of the post-operative oedema after evacuation 
of an intracranial clot; and it seemed likely that it would 
have a place in the management of continued stupor 
following bitemporal brain contusion. 

No improvement, however, was seen in eight patients 
who remained comatose from the outset after bilateral 
cerebral contusion. It was concluded that if urea therapy 
was tried in these patients and no benefit was seen within 
the first 24 hours it was unlikely that further treatment 
would improve matters. 
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Complications were commoner after head injury than 
when urea was used as a technical aid to other neuro- 
surgical operations due mainly to the need for repeated 
treatment. Necrosis of soft tissues followed in one case, 
and six of the 30 cases developed major venous throm- 
boses. Two patients developed transient circulatory 
collapse after injection which was probably related to 
sudden overloading of the circulation in the presence 
of cardiovascular insufficiency. Major metabolic dis- 
orders had not been seen but dehydration was a major 
hazard and metabolism generally had to be closely 
supervised. It was also noted that transient improvement 
could occur after urea treatment in the presence of an 
intracranial clot and thus mask this complication and 
lead to delay in treatment. Urea should not be used until 
the intracranial pathology had been determined by 
exploration. 

The technique and dosage of urea was described and 
the probable mechanism of its action based on in- 
vestigations to date outlined. 

The authors concluded that urea had a place in the 
treatment of injury but that its beneficial effects were 
limited. It seemed clear that there was no indication for 
urea in the majority of head injuries, but equally so there 
was no doubt of the considerable benefit it could confer 
on selected cases. 


EXTRACRANIAL METASTASES OF 
GLIOBLASTOMA MULTIFORME 


A. Ley, D. CAMPILLO, and C. OLIveras (Barcelona) 
reported two cases of glioblastoma multiforme with 
extracranial metastases. The first case, a man of 28, had 
a large glioblastoma removed from the left temporal lobe 
and this was followed by deep x-ray therapy. Four and 
a half months later he returned with a recurrence of the 
intracranial tumour and a mass in the left orbit. A 
biopsy was taken of this and it proved to have the same 
histological appearances as the intracranial tumour. 
X-ray treatment to the orbit did not produce any im- 
provement and he died seven months after operation. 
No necropsy was obtained. The second case was a man 
of 22 who had a large, partially cystic glioblastoma 
incompletely removed from the right posterior temporal 
region; this was followed by deep x-ray treatment. He 
did well and returned to work for a year and eight months 
when symptoms of recurrence appeared. Twenty-five 
months after the first operation a further operation was 
carried out and a wide occipital lobectomy done, in- 
cluding in it part of the tumour. This was found to be 
invading the dura of the falx and tentorium. The 
histological appearances were the same and a further 
course of deep x-ray therapy was given. Shortly after- 
wards he entered hospital again and a lymph node was 
removed from the right side of the neck and found to be 
invaded by tumour of the same nature. He died shortly 
afterwards and it was found that although there was 
widespread intracranial recurrence there was no evidence 
of metastases elsewhere. 

Eighty-one cases of extracranial metastases had been 
found in the literature, though in 29 the histological 
nature was doubtful. There were 33 gliomas and 29 
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meningeal tumours. In eight the diagnosis was glio- 
blastoma multiforme, though in four this diagnosis had 
been queried. The commonest type of metastasis was 
proximal in the skull or soft tissues of the head and neck 
and Case 1 was of this character. Remote metastases 
were usually in the lungs and this would seem to support 
a probable dissemination via the venous system. The 
absence of true lymphatic channels intracranially, the 
natural resistance of intracranial blood vessels to 
penetration of tumour cells, and an environment un- 
favourable to such cells outside the nervous system would 
seem to make metastases rare. A long course and 
surgical trauma might favour metastasis, though the 
former did not seem to be borne out by cases in the 
literature. It would seem that access of tumour cells to 
lymphatics and veins outside the nervous system was 
probably necessary for metastasis. 


EXCISION OF SPINAL ANGIOMA 


R. H. SHEPHARD (Derby) reported the removal of a 
spinal intradural angioma in three cases with early 
neurological improvement. 

The first case, a girl of 13, sustained a subarachnoid 
haemorrhage. Carotid angiography was normal but a 
cauda equina syndrome developed in two weeks. There 
was a flaccid paraplegia, sensory loss L.2-S.2 and severe 
continuous pain. There was a spinal bruit. Radio- 
graphs showed an expanded canal and pedicular erosion 
and myelography demonstrated an angioma from 
T.11 to L.1. The cerebrospinal fluid showed a high 
protein but no block. The neurological condition was 
unchanged after nine weeks, when the angioma was 
almost completely excised. Pain disappeared in 10 days, 
sensation was normal in two months, and motor power 
in six months. A soft bruit was still audible after 
18 months. 

The second case was of a man of 38 with lumbar pain 
and sciatica of two years’ duration. There had been a 
progressive motor, sensory, and sphincter disturbance 
fora year. Lumbar puncture showed a partial block and 
myelography demonstrated a lesion in the dorsal region. 
At operation an arteriovenous angioma tightly com- 
pressing the cord with marked arachnoiditis was excised 
over a 7 cm. length. Rapid improvement took place with 
return of normal motor and sensory function in four 
months. 

The third case was in a man of 20 who had sustained 
subarachnoid haemorrhages at the ages of 12 and 13. 
Ten days after sudden severe lumbar pain he became 
completely paralysed. There was a flaccid paraplegia 
with upper level at T.10. Myelography showed an 
angioma T.8-L.1 and six weeks after onset the anomaly 
was removed over a 14 cm. length of cord. The lesion 
was compressing the cord and arachnoiditis was a feature. 
immediate improvement took place and at five weeks 
bladder control and sensation were nearly normal, 
moderate power had returned to hips and some power to 
distal joints. 

It was stressed that in the investigation of subarachnoid 
haemorrhage consideration should be given to a spinal 
origin and spinal investigations, including auscultation, 
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might be advisable. It was felt that more attempts should 
be made to remove spinal cord angiomas in order to 
reduce the danger of death from bleeding, to remove 
compressing component of the lesion, and to halt the 
the progress of perivascular degenerative processes in 
the cord and roots. 


MYODIL VENTRICULOGRAPHY IN POSTERIOR 
FOSSA TUMOURS 


A. JEFFERSON (Sheffield) read a paper on the identifica- 
tion of tumours in the posterior fossa by means of 
“myodil” ventriculography. 

(To be published in full in Acta Neurochirurgica.) 


INTRACRANIAL DEVELOPMENT OF 
AN OLFACTORY PLACODE TUMOUR 


M. Davin, R. Messimy, H. BERDET, and B. PERTUISET 
(Paris) reported the first example of an olfactory placode 
tumour invading the intracranial cavity. Previously 
30 cases had been reported but they had all been confined 
to the upper nasal cavity. In their case the tumour re- 
moved intracranially had a position similar to an olfactory 
groove meningioma except that the olfactory bulb and 
tract were lying above the tumour. The nasal portion of 
the tumour was removed at a second stage. The histo- 
logical study showed three main features: rosettes made 
up of esthesioneurocytes and supporting cells, large areas 
of neuroblasts, and bundles of neurofibrils. There was a 
connective tissue stroma which was more marked in the 
nasal portion of the tumour. 

The similarity between the cells of the rosettes and those 
of the mammal and human placode lead the authors to 
believe that this tumour developed from the remnant of 
the olfactory placode. 


DIFFERENT TYPES OF INTRACRANIAL 
ANEURYSM IN ONE PATIENT 


M. Davip and D. DILENGE (Paris) presented a report 
of a patient and review of the literature concerning 
different types of vascular malformation in the same 
patient. The patient, aged 42, had suffered from 
migraine for seven years. Following a severe attack a 
hemianopia developed and angiography revealed an 
angioma in the parieto-occipital region fed by the middle 
cerebral artery and a saccular aneurysm near the posterior 
communicating branch of the carotid artery. These 
lesions were verified at operation. 

No valid hypothesis concerning the aetiology of patho- 
genesis of this association had yet been proposed. In 
accordance with the conclusions to be drawn from figures 
in the literature they stressed the necessity for a com- 
plete angiographic study in the presence of an angioma. 
A saccular aneurysm might be associated with it and 
might, ultimately, be responsible for the death of the 
patient. Such an aneurysm might be located in the 
opposite hemisphere or involve the vessels of a different 
arterial system. 











BOOK REVIEWS 


Biochemical Aspects of Neurological Disorders. Edited 
by John N. Cumings and Michael Kremer. (Pp. x + 
230; illustrated. 37s. 6d.) Oxford: Blackwell. 1959. 


This book has been compiled from a series of lectures 
given in 1957-58 at the Institute of Neurology, National 
Hospital, Queen Square, London. The contributors have 
distinguished names in the realms of biochemistry and 
neurology, and under the editorship of Professor Cumings 
and Dr. Kremer, a valuable collection of information 
and ideas has been produced. 

In successive chapters the emphasis is placed alternately 
on biochemistry and neurology, and this order is to be 
recommended as introducing the enquiring clinician to 
biochemical principles and progress before relating these 
to the clinical problems with which he is more familiar. 


Histonomy of the Cerebral Cortex. By S. T. Bok. 
(Pp. ix + 434; 175 figures. 72s.) Amsterdam: Elsevier 
Publishing Company (London: D. Van Nostrand). 
1959. 


The application of quantitative methods to the 
histology of the cortex has been pursued enthusiastically 
over 25 years by Professor Bok. Much of the material 
presented here on the thickness and curvature of the 
cerebral cortex and on the differences between archi- 
tectonic zones offers a considerable simplification of a 
complex picture. 

The concept of interfibral vacuoles subserving memory 
is a fascinating one. Perhaps its chief interest will lie in 
offering some basis for calculating the number of units 
involved in human memory. 

It is becoming clear that studies such as these are 
required to solve the computational problems involved 
in the understanding of nervous function. 


Le Cortex Cérébral: Etude Neuro-Psycho-Patho- 
logique, 2nd ed. By J. de Ajuriaguerra and H. Hécaen. 
(Pp. 458. 58 figures. NF 46.00.) Paris: Masson. 
1960. 


In preparing a second edition of this book the authors 
have been obliged to re-write most of it owing to the 
great advances in knowledge of the past 10 years. The 
book consists of two main parts. The first is concerned 
with clinical syndromes caused by diseases of each part 
of the hemispheres, while the second is concerned 
especially with disorders of speech and perception, with 
emphasis “ sur les problémes physiopsychopathologique ”’. 
The result of this presentation is a most helpful and 
up-to-date review of current knowledge with carefully 
chosen references from all parts of the world. Neuro- 
logists and psychiatrists will find this a most useful 
volume. 


Some Papers on the Cerebral Cortex. Translated by 
Professor Gerhardt von Bonin. (Pp. xxiv + 396; 
4 figures. 92s.) Oxford: Blackwell; Springfield, Illinois: 
Thomas. 1960. 


This is a collection of historical papers on the structure 
and function of the cerebral cortex, published between 
1824 and 1911. As is usually the case, a perusal of the 
original paper often corrects current views on exactly 
what the author said. This is one of the values of such a 
collection. Another is that they represent the collectors’ 
views on what constitutes important papers on the sub- 
ject. In this case, the collection is made by Professor von 
Bonin, and his judgment of what is important and the 
reasons he gives for this in his introduction add to its 
value. 


Les Grandes Activités du Lobe Occipital. Published 
under the direction of Prof. Th. Alajouanine. (Pp. 362; 
87 figures. NF 34.00.) Paris: Masson. 1960. 


This interesting book is concerned with much more 
than the occipital lobe. The various contributors give 
authoritative accounts of many anatomical, physio- 
logical, and psychological aspects of vision, and for 
these the occipital lobe is only one of many regions 
involved. 

Visual reactions provide some of the most important 
opportunities of studying cerebral function. The visual 
agnosias, the various states of inattention, and loss of the 
capacity to localize objects in one visual field, are 
examples of the phenomena which attract special interest, 
and for those working in this field, Professor Alajoua- 
nine’s book will be a useful work of reference. 


International Review of Neurobiology, Volume |. 
Edited by Carl C. Pfeiffer and John R. Smythies. 
(Pp. xii + 383; illustrated. $10.00.) New York and 
London: Academic Press. 1959. 


This is a very promising first volume in a new series 
published by the Academic Press. The scope of the series 
is to include accounts of recent progress in the anatomy, 
biochemistry, physiology, and pharmacology of the 
nervous system in both neurological and psychiatric 
spheres. 

Almost one third of the book is taken up by Purpura 
writing on the nature of electrocortical potentials. This 
is a most comprehensive and scholarly study which will 
be appreciated by many workers in the field of electro- 
graphy. 

Adey reviews recent work on the rhinencephalon in 
relation to epilepsy and behaviour; Hebb, Pfeiffer, 
Heath, Martens and Melander, and Georgi write on the 
recent developments in biochemical studies of nervous 
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BOOK REVIEWS 


transmission and mental illness. An article on visual 
physiology by Granger gathers together much informa- 
tion on the effects of physiological stresses and drugs 
on visual function. The bibliographies appear to be very 
comprehensive. There is an index of authors quoted in 
the text and one of subjects. These help to make the 
volume a useful and critical reference book in which 
many will find much to interest them. 


The Development of the Infant and Young Child: 
Normal and Abnormal. By R. S. Illingworth. (Pp. vii 
+ 318. 95 figures, 4 tables. 27s. 6d.) Edinburgh and 
London: E. & S. Livingstone. 1960. 


This is an interesting book and provides an enormous 
amount of information and very many references with 
regard to the most important years cf development. The 
importance of study of the early years of life cannot be 
exaggerated, for they are vital to the student of the 
brain, of education, of mental health, and even of national 
aspirations. 

Paediatric neurology is a somewhat neglected field of 
research and this book will stimulate interest in this 
direction. 


Neurology of Infancy. By Anatole Dekaban. (Pp. xiv 
+ 388; 185 figures. 96s.) London: Bailliére, Tindall & 
Cox. 1959. 


Paediatrics has been described as the last bastion of 
general medicine. It attempts to be self-sufficient: and 
it is certainly true that most cases of neurological disease 
in infancy and childhood are not seen by neurologists. 
This is a loss to both paediatrics and neurology. 
The discipline of neurology draws increasingly on the 
rapid advances being made in basic neurophysiology and 
neuropathology, and this colours and enlarges its approach 
to diagnosis and treatment. Any attempt to widen the 
present narrow bridge between the two subjects is there- 
fore to be welcomed, and the present volume makes 
some contribution to this. The opening chapter is 
devoted to a summary of the anatomical and functional 
organization of the nervous system in the first two years 
of development; and this is followed by the normal 
development of the infant in clinical terms, derived 
largely from work on developmental diagnosis. These 
sections are excellently done and a useful addition to the 
usual tests. Subsequent chapters cover the ground 
adequately but are somewhat uneven. The discussion 
on birth injuries and “ cerebral palsy ’’ hovers uneasily 
between aetiological, anatomical, and clinical classifica- 
tions. The pleomorphic symptomatology of infantile 
subdural haematoma is not brought out. Amongst 
vascular disorders concussion is included: while acute 
disseminated lupus erythematosus makes an even more 
surprising appearance. A number of virus encephalitises 
are discussed but it is not made clear that in the majority 
the diagnosis is only established by adequate antibody 
studies. The acute emergency for treatment that purulent 
meningitis, especially pneumococcal, may constitute is 
not adequately emphasized. Metabolic and endocrine 
disorders are adequately dealt with, though the urgent 
need to diagnose phenylketonuria at birth if mental 
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defect is to be avoided, is not emphasized. The descrip- 
tion both clinical and histological of the cerebral 
leucodystrophies does not include the advances made 
in the last few years. Though written mainly from a 
paediatric point of view this book’s special value lies in 
drawing attention to the existence of important common 
ground between the neurologist and the paediatrician. 


Surgery in World War II: Neurosurgery, Volume II. 
Medical Department, United States Army. (Pp. xxvi 
+ 705. 283 figures. $7.00.) Published by the Office of 
the Surgeon General, Department of the Army, Washing- 
ton, D.C. 1959. 


The second volume of the achievements of American 
neurosurgeons during World War II is concerned with 
injuries to the spine and to peripheral nerves. The record 
presented is one to be proud of, and all interested in 
such injuries should study this volume. 


Mental Subnormality. By W. Alan Heaton-Ward. 
(Pp. 64; illustrated. 6s.) Bristol: John Wright. 1960. 


In this small book the author has succeeded in en- 
compassing a wide variety of topics connected with 
mental subnormality within the space of about 60 pages. 
The writing is clear, straightforward, and well-informed. 
It is obvious that the author is drawing upon his own 
practical experience in the field of mental deficiency. 
There are sections on aetiological and clinical aspects, 
care of patients, and psychometry. Finally legal con- 
siderations of the case of the mentally subnormal under 
the new Mental Health Act are discussed in a lucid and 
helpful manner. 

The sections are well set out and comprehensively 
indexed. One feels that they could have been expanded 
to sizeable textbook chapters. Instead, a great deal of 
information is condensed under the various headings, 
and while in some parts detailed information is given, 
elsewhere only a bare outline is drawn. Thus, for 
example, although the genetics of various clinical types 
of mental subnormality are discussed, apart from an 
indication that the condition is determined by a single 
recessive gene, no mention is made of the interesting 
genetics of gargoylism, or Hurler’s disease (misprinted 
‘** Hunter’s ” disease on page 22). 

This book, though perhaps setting out to achieve too 
much in too small a space, is readable and authoritative. 
It would serve well as an introduction to the subject of 
mental subnormality as long as it were not regarded 
as an exclusive source of reference. 

The cover would be more attractive without the 
embellishment of a blind boy. 


Ins‘itutional Neurosis. By Russell Barton. 
8s. 6d.) Bristol: John Wright. 1959. 


In this booklet the author describes in a systematic 
form the changes that result from institutional life unless 
the organization is such that they are averted. These 
changes he calls “institutional neurosis”, characterized 
by apathy, lack of initiative and interest, submissiveness 
and so on, and with a characteristic posture (“hands held 
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across the body or tucked behind an apron, the shoulders 

dropped and the head bent forward’’) and gait (“‘with a 
shuffling quality and restricted movement at the pelvis, 
hips, and knees’’). He goes on to describe the causes of 
this condition, the environment of a mental hospital so 
frighteningly familiar to one who knows them. (“This 
patient is becomingly nicely institutionalized and gives 
no trouble’. “Having E.C.T. weekly and not now 
aggressive.”’) 

Cure of the condition may be a long process involving 
not only the doctor but also nurses, occupational 
therapists, psychiatric social workers, and indeed all the 
staff of a mental hospital. Both cure and prevention call 
for far more staff and money than is usually allocated to 
mental hospitals, still the Cinderellas of the National 
Health Service. 

This is a small bock but a very important one. It 
should be compulsory reading for all those who have to 
deal with mentally ill patients. 


Mental Health Problems of Automation. 
Study Group. [Wld Hlth Org. techn. Rep. Ser., 183.] 
(Pp. 30. 1s. 9d.) Geneva: World Health Organization; 
London: H.M.S.O. 1959. 


This small book is the report of a W.H.O. study group 
on the mental health problems of automation which 
met in Geneva in 1958. The authors discuss the possible 
mental health consequences of strain among individual 
workers in automated plants, the repercussions of social 
change through the introduction of automation (for 
example the adaptation of the older workers), and make 
recommendations for future research into these problems. 
The book can be recommended to industrial medical 
officers concerned with these matters. 


Report of a 


Books Received 


(Review in a later issue is not precluded by notice here of books 

recently received.) 

Somatosensory Changes After Penetrating Brain 
Wounds in Man. By Josephine Semmes, Sidney Wein- 
stein, Lila Ghent, and Hans-Lukas Teuber. (Pp. xiii 
+ 91; 9 figures. 32s.) Harvard University Press 
(London: Oxford University Press). 1960. 

Neurology, Sth ed. By Roy R. Grinker, Paul C. Bucy, 
and Adolph L. Sahs. (Pp. xi + 1386; 445 figures. 
£9 16s.) Oxford: Blackwell; Springfield, Illinois: 
Thomas; Toronto: The Ryerson Press. 1960. 

Neurochemistry of Epilepsy: Seizure Mechanisms and 
Their Management. By Donald B. Tower. (Pp. x + 335; 
30 figures. 72s.) Oxford: Blackwell; Springfield, Illinois: 
Thomas; Toronto: The Ryerson Press. 1960. 

Diseases of the Nervous System in Infancy, Childhood 
and Adolescence, 4th ed. By Frank R. Ford. (Pp. xvi 
+ 1548; 215 figures. £11 16s.) Oxford: Blackwell; 
Springfield, Illinois: Thomas; Toronto: The Ryerson 
Press. 1960. 

Clinical Applications of Diagnostic and Therapeutic 
Nerve Blocks. By John J. Bonica. (Pp. xix + 354; 
45 figures. 70s.) Oxford: Blackwell; Springfield, Illinois: 
Thomas; Toronto: The Ryerson Press. 1960. 
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1958-1959, Cmnd. 1082. (Pp. viii + 330; 11 figures, 
15s. 6d.) London: H.M.S.O. 1960. 

The Use of LSD in Psychotherapy: Transactions of , 
Conference on d-Lysergic Acid Diethylamide (LSD-25), 
April 22, 23 and 24, 1959, Princeton, N.J. Edited by 
Harold A. Abramson. (Pp. 304; 26 figures. $5.00.) 
New York: Josiah Macy, Jr. Foundation Publications, 
1960. 

Der Liquordruck: Untersuchungen zur Physiologie, 
Pathophysiologie und Medikamentésen Beeinflussung 
der Liquordynamik. By R. Hemmer; Foreword by 
Professor T. Riechert. (Pp. viii + 82; 44 figures and 
25 tables. DM 16.80.) Stuttgart: Georg Thieme. 1960. 

The Sturge-Weber Syndrome. By G. L. Alexander and 
R. M. Norman. (Pp. 104; 54 figures. 32s. 6d.) Bristol: 
John Wright. 1960. 

Physiological Reviews, Suppl. no. 4, Volume 40, 
April, 1960, Pt. II. Proceedings of a Symposium on 
Central Nervous System Control of Circulation. (Pp. viii 

311; illustrated. $5.00.) Washington, D.C.: The 
American Physiological Society. 

Measurement of Subjective Responses. 
Beecher. (Pp. xiv + 494. 102s.) 
University Press. 1960. 

Reading Disability: A Medical Study of Word-Blindness 
and Related Handicaps. By Knud Hermann. (Pp. 183; 
27 figures. 


By Henry K. 
London: Oxford 


Dan. Kr. 22.-.) Copenhagen: Ejnar 
Munksgaard. 1959. 

A Functional Approach to Neuroanatomy. By Ear! 

Lawrence House and Ben Pansky. (Pp. ix 494: 


heavily illustrated. 97s.) London: McGraw-Hiil. 1960. 

Psychophysiologic Approach in Medical Practice. 
By William W. Schottstaedt. (Pp. 352. 60s.) Chicago: 
Year Book Publishers; London: Interscience Publishers. 
1960. 

Current Psychological Issues: Essays in Honor of 
Robert S. Woodworth. Edited by Georgene S. Seward 
and John P. Seward. (Pp. viii + 360. 42s.) London: 
Methuen. 1960. 

Neurology Simplified. By David Joseph LaFia; with a 
Foreword by A. Earl Walker. (Pp. xx + 175; 21 figures. 
54s.) Oxford: Blackwell; Springfield, Illinois: Thomas. 
1960. 

Community Resources in Mental Health [Monograph 
Series No. 5, Joint Commission on Mental Illness and 
Health.] By Reginald Robinson, David F. DeMarche, 
and Mildred K. Wagle. (Pp. xxvi + 435. $8.50.) 
New York: Basic Books. 1960. 

Epilepsy and Related Disorders. By William Gordon 
Lennox with the collaboration of Margaret A. Lennox. 
(Pp. xx + 1168; 203 figures. 96s.) London: J. & A. 
Churchill. 1960. 





Second International Congress of Neurological Surgery 

The Second International Congress of Neurological 
Surgery will be held at The Statler Hilton Hotel, Wash- 
ington, D.C. from October 14 to 20, 1961, under the 
sponsorship of the World Federation of Neurosurgical 
Societies. Further information may be obtained from 
the Secretary-General of the Congress, Dr. Bronson S. 
Ray, 525 E. 68th Street, New York 21, N.Y. 
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ACKNER, B., and Grant, Q. A. F. R.: The prognostic significance of 


depersonalization in depressive illness treated with electroconvulsive 
therapy, 242 

Acrylic investment of intracranial aneurysms, 84 

Adrenalectomy, bilateral, comparison with hypophysectomy in 
metastatic breast cancer, 83 

ALAJOUANINE, Th.: Baillarger and Jackson: the principle of Baillarger- 
Jackson in aphasia, 191 

Amyotrophic lateral sclerosis, nerve fibre degeneration in brain in, 269 

Aneurysm and arteriovenous malformation in posterior cranial fossa 
in case of subarachnoid haemorrhage, 237 

__—-—, intracranial, acrylic investment of, 84 

— , different types of, in one patient, 357 

Angioma, spinal, excision of, 357 

Angiomatosis, encephalotrigeminal, treatment by hemispherectomy, 81 

Aphasia, principle of Baillarger-Jackson in, 191 

Autotomography of third ventricle, aqueduct and fourth ventricle, 81 


B 

Babinski sign, 262 

Baillarger-Jackson principle in aphasia, 191 

Bell’s palsy, parageusia following; result of faulty re-innervation, 250 

BENAIM, S.: The specificity of reserpine in the treatment of schizo- 
phrenia in identical twins, 170 

Berpet, H., see Davin, M.., et al. 

BeRGIN, J. D.: Fatal encephalopathy in glandular fever, 69 

BeTHLEM, J., and JaGeR, W. A. Den Hartog: The incidence and 
characteristics of Lewy bodies in idiopathic paralysis agitans, 74 

—_————., see also JaGeR, W. A. den Hartog, and BETHLEM, J. 

Blood-cerebrospinal fluid barrier, abnormality of, in patients suffering 
from a depressive illness, 156 

Bots!, D., FASANO, V. A., and BroGai, G.: Late results of surgical 
treatment of myelopathy in cervical spondylosis, 354 

Book Reviews: 
AHRENFELDT, R. H.: Psychiatry in the British Army in the Second 

World War, 1958, 89 
AJURIAGUERRA, J. de., and HECAEN, H.: Le cortex cérébral, 1960, 358 
ALAJOUANINE, Th.: Les grandes activités du lobe occipital, 1960, 358 
A.R.N.M.D.: The effect of pharmacologic agents on the nervous 
system, 1959, 183 


BARTON, R.: Institutional neurosis, 1959, 359 
BeNTON, A. L.: Right-left discrimination and finger localization, 
1959, 86 


BiEMOND, A.., ef al., eds.: Recent neurological research, 1959, 88 
Birren, J. E., Imus, H. A., and WINDLE, W. F., eds.: The process 
of ageing in the nervous system, 1959, 88 
Box, S. T.: Histonomy of the cerebral cortex, 1959, 358 
— G. VON., trs.: Some papers on the cerebral cortex, 1960, 
BoveT, D., et al., eds.: Curare and curare-like agents, 1959, 183 
Bropir, B. B., and Bass, A. D.: Evolution of nervous control, 
1959, 88 
Ciba Foundation: Pain and itch, 1959, 88 
Corrs, C., and Woo.F, A. L.: The innervation of muscle, 1959, 182 
Cone, J. LeER.: Post-natal development of the human cerebral 
cortex, Vol. 6, 1959, 87 
ConrRAD, K. Die beginnende Schizophrenie, 1958, 89 
Crotuers, B., and Paine, R. S.: The natural history of cerebral 
palsy, 1960, 266 
CuminGs, J. N.: Heavy metals and the brain, 1959, 87 
— ——, and Kremer, M., eds.: Biochemical aspects of 
neurological disorders, 1959, 358 
CUMMING, E., and CUMMING, J.: Closed ranks, 1957, 88 
DEKABAN, A.: Neurology of infancy, 1959, 359 
EECKEN, H. M. VANDER: Anastomoses between the leptomeningeal 
arteries of the brain, 1959, 87 
Gisss, F. A., ed.: Molecules and mental health, 1959, 184 
GuILLAUMAT, L., Morax, P.-V., and Orrret, G.: Neuro-ophthal- 
mologie, 1957, 86 
HEATON-WARD, W. A.: Mental subnormality, 1960, 359 
ILLINGWORTH, R. S.: The development of the infant and young 
child, 1960, 359 
International Congress of Neurological Sciences, Ist, Proceedings, 
Vol. 3, 1959, 8 
International Congress of Neuro-Psychopharmacology, Ist, 1958, 
Proceedings, 1959, 265 
International Congress for Psychiatry, 2nd, 1957, 184 
International Review of Neurobiology, Vol. 1, 1959, 358 
KetreL, K.: Peripheral facial palsy, 1959, 183 
KoLte, K., ed., Grosse Nervenartze, Vol. 2, 1959, 89 
a E.: Mehrdimensionale Diagnostik und Therapie, 
8, 1 
Lievre, J. A., and FiscHGoLp, H.: Radiographie du crane et de la 
face dans la maladie de Paget, 1959, 183 
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boxing, 1959, 266 
MASCHERPA, F., and VALENTINO, V.: 
1959, 265 
Maternal disorders related to fetal stress, perinatal death and 
congenital defects, 1959, 184 
Mayer, E. G.: Diagnose und differentialdiagnose in der Schadel- 
réntgenologie, 1959, 183 
Mercier, F., ed.: Les médicaments du systéme nerveux cérébro- 
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Merritt, H. H.: A textbook of neurology, 2nd ed., 1959, 87 

MINSKI, L.: A practical handbook of psychiatry for students and 
nurses, 4th ed., 1959, 184 

NNACHMANSOHN, D.: Chemical and molecular basis of nerve 
activity, 1959, 265 

Noorpensos, W.: Pain, 1959, 87 

Norriss, V.: Mental illness in London, 1959, 266 

Ottoson, J.-O., ed.: Experimental studies of the mode of action 
of electroconvulsive therapy, 1960, 266 

oy te and Roserts, L.: Speech and brain-mechanisms, 

Queen Square and the National Hospital, 1860-1960, 264 

RENDER, H. W., and Weiss, M. O.: Nurse-patient relationships in 
psychiatry, 2nd ed., 1959, 266 

RuBINo, A.: Diagnostica psichiatrica, 1958, 89 

Russet, D. S., and RUBINSTEIN, L. J.: The pathology of tumours 
of the nervous system, 1959, 86 

SCHALTENBRAND, G., and BalLey, P., eds,: Einfuhrung in die 
sterooaktischen Operationen mit einem Atlas des mensch- 
lichem Gehirns, 1959, 265 

SPURLING, R. G., and WOODHALL, B., eds.: Surgery in World War 
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STALLWORTHY, K. R.: A manual of psychiatry, 4th ed., 1959, 90 
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